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EYALUATICM  CF  RADIOLOGICAL  SURVEY  INSTRUMENTS  USED  FOR  HEALTH  PROTECTION 


DURING  OPERATION  SANDSTONE 


I  ABSTRACT  —  ' STSk  CT  401  * 

www  MnuenD  data  cuamkb  bpt  n 

•  BlTtNR  CLASSIFICATION  SAFB8UAK 
T«dc  Group  7.6,  with  assigned  responsibilities  for  radiological  health 

protection  durlop  Operation  Sandstone,  conducted  certain  teats  and  wide  observe  tioi 

an  field  perforwance  of  a  number  of  nlaeellansous  instruments  Including  Geiger- 

Mueller  surrey  Instruments,  Ionisation  chamber  surrey  Instruments,  and  Integra  tiiq; 

dosimeters. 


This  report  contains  observations  on  the  numbers  and  types  of  Instruments 
rstpdred  for  operations  of  a  similar  nature  to  Operation  Sandstone.  Certain  design 
defects  ere  noted  in  the  Instruments  used,  and  some  corrective  recommendations  arm 


In  general,  the  performance  of  the  Instruments  used  during  tbs  operation 
mas  good.  Serious  leakage  problems  wars  encountered  with  pocket  dosimeters.  Some 

a 

troubles  were  encountered  in  the  use  of  instruments  in  aircraft. 

Information  is  given  In  Appendix  B  on  the  processing  of  film  badges  used 
for  health  protection. 


Instruments  capable  of  detecting  end  measuring  lonisliqt  radiation  will 
havw  great  importance  In  future  national  defense,  and  since  health  protaotlon  required 
certain  instruments  during  the  Atomic  Weapon  tests  of  Operation  Sandstone,  it  was 
considered  desirable  to  utilize  the  experience  of  the  operation  to  obtain  information 
on  field  performance  of  various  Instruments.  The  radiological  safety  organisation, 


■■WCLTOD 


Task  Group  7.6,  was  tbw  logloal  organisation  to  carry  out  tha  studies,  and  on 
IB  September  1947  Colonel  Janas  P.  Cooney  (VC)  BSA  appelated  a  rroup  consisting 


*  avmtir?rvtmr  D.  C.  Campbell,  CSV,  aid  Dr.  Ralph  E.  Lapp 
J«l,  to^tqdy  the  availability  of  suitable  surray  Instruments  and  to  aake  certain 


' . 


WU 


JWM  STKM  0 


The  group  ana  warned  by  Colonel  Cooney  that  the  lnatruaent  tasting  prog  raw, 
although  highly  desirable  and  Important,  must  not  jeopardise  the  main  mission  of 
Teak  Group  7.6  which  was  the  protection  of  the  personnel  of  the  Task  Force  against 
over-exposure  to  radiation.  *lth  this  thought  in  mind,  and  after  a  rather  thorough 
study  of  the  then  cause roially  available  Instruments,  the  group  submitted  its  final 
report  to  Colonel  Cooney  on  4  October  1947.  A  copy  of  this  report  will  be  found  la 
Appendix  A.  In  asking  reeoerenflations  for  procurement,  the  group  advised  the  purehaae 
la  greatest  nuebers  of  those  instruments  which  were  presumably  Improved  mods  It  of 
previous  reasonably  reliable  designs.  New  relatively  untried  Instruments  were  reeon- 
mended  in  quantities  sufficient  for  adequate  testing  purposes  only. 

After  conferences  with  members  of  tbs  group,  the  Vietoreen  Instrument 
Company  agreed  to  supply  a  modified  ionisation  ohambsr  instrument  capable  of  Teartlng 
to  25,000  mr  per  hour,  end  the  National  Technical  laboratories  designed  end  constructed 
an  entirely  new  ionisation  chamber  instrument.  This  group  also  stimulated  the  pro¬ 
duction  of  pocket  dosimeters,  particularly  In  ths  0-10  r  and  0-50  r  ranges. 

Instruments  were  purchased  by  the  Instruments  Brandi,  Washington  Division 
of  Production,  U.  9.  Atomic  Energy  Commission,  upon  request  of  Colonel  Cooney. 

Delivery  of  the  majority  of  ths  lnstrumsnts  wee  mads  to  Teak  Croup  7.6  at  the 
Terminal  Island  Naval  Shipyard  prior  to  ths  dspsrturs  of  ths  CSS  Beireko  for  Sn&eetOk. 


2 


Zo  addition  to  tha  purchased  instruments,  the  Buraau  of  Ships*  0.  S. 

Navy,  loaaad  a  number  of  Celper-Mueller  surrey  instruments  and  portable  alpha 
detectors  which  they  had  bean  dare  laptop.  These  instruments*  whloh  nave  than 
la  tha  developmental  stage*  vara  taken  for  testlnp  purposes  only  and  ware  net 
issued  to  monitors  for  use  in  radiation  health  protection* 

III  FACIUTZSS  AVAIUBXX 

Tha  after  ready  roon  of  the  OSS  Balroko*  CVE-115*  aas  made  available  far 
instrument  storage*  repair*  and  testlnp.  This  roan  «as  an  air-conditioned  apnea 
of  about  615  sq.  ft.  ahieh  allowed  roan  for  storage  racks t  lnatruaant  repair  feoili- 
ties*  and  tha  radiation  counting  laboratory.  Instrunenta  used  by  Task  Unit  7*6.1 
In  limited  quantltiea  for  health  protection  of  tha  air  operations  from  Kmajalsln 
were  stored  In  a  refrigerator  with  a  Tolxtme  of  approximately  165  eublo  fiat*  The 
refriperator  was  kept  at  a  temperature  of  105°  P  by  means  of  a  150-watt  light  bulb. 
Silica  gel  baps  n laced  throughout  the  interior  kept  the  relative  humidity  generally 
in  the  ranpe  of  15  to  20  per  cent.  Only  minor  repairs  and  adjustments  ware  aooom> 
pllshed  at  Kwajalein.  All  major  work  was  taken  to  the  laboratory  on  the  USS 
Balroko. 

The  following  personnel  were  given  full-tine  assignments  to  lustre— nt 
repairs  and  testing  and  to  the  eounting  laboratory! 

Andrews*  Howard  L.,  CDR,  USPHS 
Paslo*  Michael,  CETh,  USR 
Kramer*  Harry*  CETO*  TJSH 
Kadenaim*  Paul  F.,  CETM,  OSH 
■enser*  Carl*  oivllian 


Murphy,  Norris  ?.,  LT,  DSN 
Murphy,  Raymond  E. ,  civilian 
Sohappacher,  Hobart  N. ,  ETMZ,  DSN 

This  group  ns  aupplanantad  by  personnel  having  additional  dutlaa  to  tholr 
i>>***l  assignments  and  an  oooaaional  individual  assigned  fron  tins  to  tins. 

Mr.  Adrian  R.  Dahl,  Chlaf,  Inatmnanta  Branch,  DSABC,  although  praaant  for  a  abort 
period  of  tine,  made  a  valuable  written  report  on  his  observations  OB  lnetmneot 
performance  (1).*  At  Kwajalein,  Malcolm  A.  Hornets,  Capt.,  DSAF,  and  Hi 111am  S. 
Matthews,  Capt.,  TBAF,  were  charged  with  the  responsibility  tooting  inatrunenta 
in  the  air.  A  ohlef  alaetronlea  technician1 3  nets  was  assigned  additional  duties 
frcn  time  to  time  for  naintenanee  of  inatrunenta  at  Kwejaleln. 

Instruments  mere  calibrated  in  terms  of  radlun  eealmd  in  the  eqatvalaut 
of  0.5  mm  of  platinon.  Sources  of  nominal  values  of  25,  90,  100,  and  290  milligrams 
wart  available.  Each  of  these  had  been  calibrated  by  the  national  Bureau  of  Standards 
within  the  previous  year.  The  after  end  of  the  flight  deck  of  the  039  Balroko  one 
used  for  calibrations.  This  provided  a  satisfactory  *p*oe  relatively  free  fron 
scattering,  excent  on  occasions  when  airplanes  were  stared  olose  to  the  oelibimtlng 
area 

IV  INSTRUMENTS  AVAILABLE 

The  following  instruments  were  delivered  to  the  OSS  Balroko  for  testing 
and  for  use  in  radlologioal  monitoring  operations.  The  detailed  oharwe terlstlee  of 
some  of  these  Instruments  are  given  in  Tables  I,  II,  and  III.  Figures  1  ttirrrmh  9 
are  photographs  of  the  instruments.  A  tabulation  of  numbers  and  types  of  Instn—n to 
Is  given  below. 

lumbers  In  parentheses  indicate  references  on  Page  35  of  this  report. 


■r-. 


FIGURE  1  -  INSTRUMENT  DEVELOPMENT  LABORATORY  MODEL  2610 

This  Geiger  counter  has  a  detachable  probe  mounted  vertically 
at  one  end  of  the  instrument  case.  The  operating  switch  is  at 
the  opposite  end  of  the  case  top  from  the  meter. 


FIGURE  2  -  NATIONAL  TECHNICAL  LABORATORIES  MOTEL  MI-5 


The  probe  on  this  Geiger  counter  instrument  is  housed  h ori¬ 
son  tally  in  a  well  along  the  top  cover  of  the  case.  The 
flexible  handle  covers  the  ear  phone  receptacle. 


MM 


A  GEIGER-MUELU5R  SURVEY  INSTRUMENTS 


MANUFACTURER 

tow 

NUMBER 

RANGES  (mr/hr) 

Instrument 

2610 

25 

0.2 

Development 

2.0 

Laboratories* 

20 

National 

MX-5 

25 

0.2 

Technical 

2.0 

laboratories 

20 

Vic tore an 

263A 

100 

0.2 

Instrument 

2.0 

Company 

20 

Bureau  of 

Ships 

an/Pdr-i 

15  (halagsB  G-M  tabs) 

AW/BDR-8 

1  (halofsn  G-N  tabs) 

B  ICNIZAiTCi  CHAMBER  SUT.VZY  IH3TRDIWT8 


MANUFACTURER 

MODEL 

NUMBER 

*SNSITIFB  TO 

NABOBS  {me/at) 

National 

ME.2 

10 

*-ray,  ga*»*» 

20 

Tschaioal 

beta 

50 

Laboratories 

200 

500 

2000 

MX -6 

20 

a«raF»  ««• 

5 

50 

500 

5000 

Raalafld 

E-100A 

20 

1 

Maimfae  taring 

4 

Company 

20 

100 

Z-100 

20 

*-«7»  llflMi 

1 

beta.  Rama 

4 

20 

300 

•On  1  September  1948  the  Instruneat  Development  Itbontoriii  ehufid  their 
to  the  "Nuoleer  last  meat  and  Chealoal  Company." 


FIGURE  4  -  NATIONAL  TECHNICAL  LABORATORIES  MODEL  MX-2 

An  ion  chamber  with  a  thin  window  capable  of  measuring  beta 
rays  is  shown,  with  gamma  shield  removed  on  the  end  of  this 
instrument. 


FIGURE  5  -  NATIONAL  TECHNICAL  LABORATORIES  MODEL  MX-6 


This  instrument  contains  a  sealed  ion  chamber  located  beneath 
the  meter.  The  control  switch  is  at  mid-oase.  Full  scale 
ranges  are  5,  50,  500,  atf  5000. ar  per  hour. 

OKOASSIFir 


I 
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FIGURE  6  -  RAULAND  ZEUS 


The  Model  Z-lOO  shown  here  has  movable  shields  on  the  bottom 
of  the  instrument  which  cover  a  chamber  capable  of  alpha , 
beta,  and  gamma  measurements.  The  Model  Z-100A  Is  a  ohamber 
for  gamma  measurements  only. 


FIGURE  7  -  VICTOREEN  INSTRUMENT  COMPANY  MODEL  2471 

This  instrument  contains  a  gamma  chamber  directly  beneath  the 
meter.  Switches  under  the  handle  are  for  battery  check,  range 
set,  and  zero  adjustment.  The  top  reading  on  this  instrument 
Is  2500  mr  per  hour.  The  Model  247A(Speclal)  was  designed  for 
a  top  reading  of  25,000  mr  per  hour. 


UNCLASSIFIED 


MANUFACTURER 

TTJ* 

NUMBER 

Viotoreen 

Instrument 

247 

12 

Company 

247A 

50 

247A 

(Speelal) 

10 

356 

10 

INTEGRA TING  DOGE  METER 

MANUFACTURER 

KGCEL 

NUMBER 

A.  0.  Bookman 
Company 

50 

Cambridge 

Instrument 

Company 

200 

Kelley-Koett 

Manufacturing 

K-100 

600 

Company 

K-150 

113 

K-I60 

25 

National 

Taebnleal 

Laboratories 

NX-7 

Viotoreen 

300(Prote*- 

20 

Instrument 

Company 

lmeter) 

SENSITIVE  TO 

RANGES  (mr/hr) 

x-ra7»  PM* 

*-i»y,  pna 

2.5 

25 

250 

2500 

*-ray,  gamma 

25 

250 

2500 

25000 

x-ray,  alpha, 
beta,  gamma 

400  alpha/feln. 
40000  alpha^ln. 

RANGE  COLOR 

EESCRimCN 

0.2  r  silver 

Direct  reading  quarts 
fibre  ion  ohsnber, 
hermetically  seeled, 
charged  through  rev- 
able  diaphragm. 

0.2  r  grey 

Essentially  the  eane 

ee  K-100; 

0.2  r  black 

Plreet  reading  quarts 
fibre  Ion  chamber. 

10  r  blue 

Seme  ee  K-100  ulth 
condenser  to  reduce 
sensitivity. 

50  r  red 

Same  ee  K-100  rn&th 
eondenser  to  redoes 
sensitivity* 

Pooket  integrating 
ion  oheaber  mlth  ante* 
netle  audible  aim 
at  predetermined  dose* 

200  nr 
full  seals 

Non-portable  inte¬ 
grating  len-ehanber 
for  rmoovdlng  total 
aatpoeurn  at  a  laaatien. 

r||l» 

tel  II  ~ 

•u.1,  a 
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FIGURE  8  -  GAMMA  DOSIMETERS  AND  CHARGER 

a.  Lower  left  le  a  Kelley-Koett  Model  K-lOO  dosimeter 
having  a  full  scale  range  of  200  mr.  The  else  and 
shape  is  Identical  to  the  Kelley-Koett  Models  1-150 
and  K-160  having  full  scale  readings  of  10  and  50  r. 

b.  The  Cartridge  Instrument  Company  200  nr  dosimeter  Is 
shown  at  the  lower  right. 

e.  The  Kelley-Koett  dosimeter  charger  Model  K-135  is 
shown  at  the  top  of  the  figure.  For  charging,  the 
dosimeter  Is  placed  In  the  receptacle  at  the  far 
left  top  of  the  boot.  Control  of  charge  Is  maintained 
by  the  large  knob  next  to  the  charging  receptacle. 


FIGURE  9  -  A .  0.  BECKMAN  COMPANY  200  mr  DOSIMETER 
(PICTURED  WITH  CHARGER) 


This  is  a  direct  reading  pocket  electroscope  four 
inches  long  and  0.5  inches  in  diameter. 


D  OTHER  INSTRUMENTS 


MANUFACTURER 

MODEL 

NUMBER 

DESCRIPTIGR 

A,  0.  Becknsn 
Coopany 

5 

Dosimeter  Charger 

Cambridge 

Inotrunent 

Conpeny 

10 

Dosimeter  Charger 

Kelley-Koett 

Manufacturing 

Company 

1-135 

72 

Dosineter  Charger 

Los  Alsnos 

Arse,  ABC 

SIC-7 

(Pstts) 

2 

Modified  Ontie-Ple 

SPC-1B 

(Pee -fee) 

2 

Survey  neter  incorporating 
a  proportional  oouatar  detaetor. 

R.C.A.  - 
Bureau  of  Ships 

AR/PDR-U 

2 

Photomultiplier  alpha  da tec tor. 

Vletoreen 

Instrunsnt 

Conpsny 

356 

(Zutc) 

20 

Portable  alpha  air  Ionisation 
chamber  -  8000,  00,000  uranian 
dis/nla. 

T  RESULTS  OP  FIE  ID  EXPERIENCE  FITS  RADIOLOGICAL  SURVEY  HSTHWTS 

Cartful  records  were  kept  of  all  repairs  made  on  the  survey  Inatn— nta 
la  order  that  statistics  night  ba  coapiled  showing  the  weak  points  of  tbs  various 
types.  Practically  every  instrument  shooed  the  sane  type  of  repair  history.  The 
first  field  use  shooed  weak  points  which  were  then  corrected  for  all  Instruments 
of  that  typa.  After  the  initial  changes  had  been  nede,  the  tnstwnt  perfemanoe 
was,  in  general,  satisfactory. 

A  USE  AMD  REPAIR  RECORDS 

A  ownary  of  the  repair  records  of  the  Gelgsr-Moellsr  and  iwisntiw 
chanbor  survey  asters  which  were  used  continuously  throughout  the  apmtici  ere 


unciassfied 


UNCLASSIFIED  P*® 

rlT«n  below.  The  Information  on  the  length  of  time  of  use,  as  given  In  these  date. 
Is  subject  to  same  error  in  collection.  Due  to  recording  omissions,  the  times 
given  are  probably  low;  however,  they  give  an  order  of  magnitude  which  should  be 
constant  between  instruments. 

1  GEIGER-MUELIER  COUNTERS 


a  Instrument  Development  Laboratories  Model  2610 

(1)  Ueeege  Record 

Instruments  15 

Hours  of  operation  478 

Average  hours  per  instrument  32 

(2)  Repair  Record  for  25  Instruments 

Replaced  G-M  tubs  flDL  D12)  20 

Replaced  l£  v  battery  5 

Replaced  67$-  v  battery  4 

CK-522  tube  out  of  socket  2 

Replaced  all  batteries  (one  1^  v,  one  67£  v, 
three  300  v)  1 

b  National  Technical  Laboratories  Model  KX-5 

(1)  Useage  Record 

Instruments  10 

Hours  of  operation  654 

Average  hours  par  instrument  65 


(2)  Repair  Record  for  25  Instruments 
Replaced  C-U  tube  (RCL  fkl  Mdl  20) 

Replaced  45  ▼  battery 
Replaced  If  ▼  battery 
Replaced  105  amplifier  tube 
Replaced  all  batteries  (one  if  »,  tec  45  *■ 
three  300  v) 

Defective  poser  ping 
Bent  tube  shield 
Replaced  meter  (100  na) 

Vie tore en  Instrument  Company  Model  2634 

(1)  Oaeage  Record 
Instruments 
Hours  of  operation 
Average  hours  per  instrument 

(2)  Repair  Record  for  100  Instruments 
-axed  amplifier  unit 

Modified  with  .0025  ufd  range  coupling 
cepaoltor 

Replaced  meter  RC  100  ufd  capacitor 
Replaced  G-W  tube 
Replaoed  If  v  betterlee 
Replaced  entire  amplifier  unit 
Replaced  300  v  batteries 


Reduced  674  v  batteries  7 
Replaced  atter  (50  ua)  4 
Repleced  ill  batteries  (one  1$  t,  an* 

674  v,  three  300  y)  3 
Motor  shunt  load  defeotlv*  3 
Rlyh  voltof*  cable  Inauletioe  trouble  2 
Replaoed  YX41A  ■ultlribrator  tub*  1 
Difeetln  prate  connection  1 


d  Baraaa  of  Ship*  Types  AH/PDR-1  and  AR/TOUB 

Th*M  lnstniaents  ted  not  coexisted  laboratory  tostlnc  prior  to  baing 
**nt  an  the  operation,  and  oertaln  dlfflcaltl**  developed  which  pr* ranted  the 
conduct  of  any  flald  tests.  Informs tic®  on  ttes*  Instruments  tea  b**n  reported 
Mparataly  (?). 

2  XCNIZATICW  CHAMBER  SURVEY  VETERS 

a  Rational  Technical  Laboratories  Model  MX«2 

This  Instrument,  designed  for  laboratory  use,  wns  found  not  satisfactory 
for  field  aoreey  work. 

b  Rational  Technical  Lebonttorle*  Model  M-6 
(1)  U**er*  B*oord 


Inatrunenta 

U 

Bonn  of  operation 

761 

Aver fe  hour*  per  lnstrunent 

54 

4 


UNCLASSIFIED 


(2)  Repel r  Uncord  for  SO  Instnmnta 

As  rwelnd,  ths  chamber  voltaps  was  not  sufficient  to  produce 
saturation  currents  when  ex Dosed  to  high  radiation  intensities. 
This  mi  roaedled  by  InstalUny  sn  eortre  90  volts  which  could 
bs  readily  placed  Inside  the  ease. 

Replaced  all  batteries  (four  Iff  v,  one  3  ▼, 

one  22$  ▼,  two  49  ▼)  9 

Defective  battery  contact  2 

Replaced  2932  tabs  X 

Sheri  la  2932  tabs  base  1 

Replaced  1>  ?  battery  1 

Replaced  22$-  v  battery  1 

.  e  Rauland  ■aaafhcturiaf  Corporation  Models  2*100  and  2»1004  (Zeus) 

This  instrument  ass  designed  for  laboratory  use  aid  therefore  was 
found  unsaltsd  for  field  survey  work, 

d  Viotoreen  Instrument  Coapeny  Model  247 

The  obsolete  247  was  sent  to  the  operation  as  an  emariwnep  measure 
to  cover  possible  nalfhnotlanlng  of  the  now  and  untried  instruments.  These  instru- 
asats  were  neither  assd  in  the  field  operations,  nor  ware  any  tests  eoadbated, 
siase  ths  experlense  of  Operation  Crossroads  indicated  them  to  be  unstable  and 
not  desirable  for  field  operations. 

e  ▼letoreea  Instrument  Coapeny  Model  2474 

(1)  Vesetrs  Resold 


1 ,f"  ;  f*  1}  fy  *  .  • 

'  •  *•  «•  . ... 


r~.  _rj 


1196 

O 


(2)  Repair  Record  for  50  Instruments 


The  selector  switch  of  the  Victoreen  type  ?47A  ha<*.  stops  of 
Inadequate  strength  so  that  it  was  very  easy  to  set  the 
switch  contacts  to  an  incorrect  position.  This  applied  • 
high  voltage  to  the  filament  of  the  electrometer  tube  which 
promptly  burned  out.  The  repairs  required  were  major  ones 
since  the  tube  was  located  inside  the  ionisation  chamber. 
This  defect  was  easily  corrected  by  'natal ling  positive  stop 
pins.  A  modified  addition  of  a  feedback  circuit  sea  mode  to 
all  instruments  upon  recommendation  by  the  manufacturer. 


Replaced  45  v  battery  27 

Replaced  chamber  14 

Replaced  22^  v  battery  12 

Renlaeed  all  hatteries  (four  22^  v, 
one  45  v)  6 

Broken  handle  3 

Replaced  meter  (20  ua)  1 

Replaced  T-41A-C  tube  1 


f  Vietoreen  Instrument  Company  Model  247A  (Special) 


(1)  Useage  Record 

Instruments  23 

Hours  of  operation  2/7 

Aveng*  hours  per  instrument  24 

(2)  Repair  Record  for  10  Instruments 

Modify  selector  switch  stops  10 

Replaec  45  ▼  battery  7 


Replaced  300  ▼  battery 
Replaced  chamber 


3 

1 


JMELNSSffSD 


(P  Viotoreen  Inatrument  Company  Model  356 

This  Inatrument  was  Included  with  those  for  Operation  Sandstoos  for 
emergency  nee  in  the  event  a  serious  haxard  by  alpha  activity  developed  without 
the  presence  of  beta  and  gamma.  The  instrument  received  no  use  or  formal  testing. 

3  INTEGRATING  POCKET  GAUKA  DOSIMETERS 

a  A.  0.  Beckman  Company  -  200  or  Full  Scale 


(1)  Uaeage  Record 

Number  of  instruments  43 

Number  of  issues  36 

(2)  Maintenance  Record  for  43  Dosimeters 

Number  of  oallbratlons  32 

Broken  fibres  1 


b  Cambridge  Instrument  Company  -  200  mr  Full  Scale 


(1)  Useage  Record 

Number  of  instruments  67 

lumber  of  Issues  91 

(2)  Maintenance  Record  for  153  Dosimeters 

Ntaiber  of  calibrations  110 

Bad  leakage  65 

Unable  to  focus  on  fibre  36 


UNCLASSIFIED 


n 


Seale  burned  (by  sun) 
Failed  to  zero 


12 


9 


c  Kelley-Koett  Manufacturing  Company  Model  K-100  «•  200  mr  Full  Ter. 


(1)  Uaeape  Record 

Number  of  instruments  362 

Number  of  issues  1683 

(2)  Maintenance  Record  for  457  Poalneters 

Nuaber  of  oa libra tions  255 

Seale  burned  (by  sun)  13 

Fibre  broken  5 

Bad  leakage  3 

Failed  to  aero  3 


d  Kelley-Koett  Manufacturing  Com  pony  Model  K-150  -  10  r  Full  Seale 


(1)  Use ape  Record 
Number  of  instrunents 
Number  of  issues 

(2)  Maintenance  Record  for  111  Dosimeters 
Number  of  calibrations 

Excessive  leakaye 

Failed  to  operate  -  cause  unknown 

Scale  burned  (by  son) 

CMpecitor  separated  from  electrometer 
Fibre  broken 


80 

160 


309 

95 

16 

4 

3 

3 


Wmf  UNCLASSIFIED 

•  Kalley-Koett  Manufacturing  Company  Model  K-160  -  50  r  Full  Seal* 


(1)  Useege  Record 

Number  of  instruments  25 

Number  of  issues  39 

(2)  Maintenance  Record  for  ?5  Dosimeters 

Number  of  calibrations  18 

Scale  burned  (by  sun)  5 

Fibre  broken  2 

Excessive  leakage  1 

Unable  to  focus  on  fibre  1 


In  practically  every  case  the  Instruments  tested  during  Operation  Sands torn 
are  being  redesigned  by  the  manufacturer.  Therefore,  these  repair  statistics  have 
been  furnished  the  manufacturers  to  assist  in  their  new  designs. 

B  DESIGN  DEFECTS 

Important  far  future  operations  are  the  fundamental  design  defects  which 
may  or  may  not  make  an  instrument  inoperable  but  which  should  be  improved  in  future 
designs.  The  moat  important  of  these  defects,  which  depend  on  observations  rather 
than  the  personal  preferences  of  monitors,  are  listed  belovt 

1  GEIGER-HUELUSR  SURVEY  INSTRUMENTS 

a  Instrument  Development  laboratories  Model  2610 

G-M  tube  easily  knocked  out  of  holdlj*  ollps  on  front  of  instrument. 

OJI  tube  mounting  susceptible  to  spray  with  rw suiting  short  circuit. 

Meter  seals  divisions  too  elose  for  rapid  reading. 


UNCLASSIFIED 


UNCLASSIFIED 


r-a 


b  National  Technical  laboratories  Modal  K 1-5 

Non-rigid  handle  not  satisfactory. 

Zero  set  Vnob  too  small  for  operation  with  gloves. 

c  Vlotoreen  Instrument  Company  Modal  263* 

Narrow  case  too  unstable  for  field  operations* 

Range  switch  poorly  plaoed. 

2  IONIZATION  CHAMBER  SURVEY  INSTRUMENTS 

a  National  Teehnieal  Laboratories  Model  MX -2 

Non-rigid  handle  not  satisfactory. 

Instrument  too  heavy  for  field  use. 

b  National  Technical  Laboratories  Model  MI-6 

Non-rlgld  handle  not  satisfactory. 

Zero  set  knob  too  small  for  operation  with  gloves. 

Battery  connections  not  sufficiently  rigid. 

e  Rauland  Manufacturing  Cci  po ration  Models  Z-100  and  Z-100A 

Operation  unsatisfactory  because  of  aolsture  entering  through  and 
around  the  thin  window. 

d  Vlotoreen  Instrument  Company  Models  247A  and  247A( Special) 

Instrument  too  heavy  for  field  use. 

Zero  sat  Vnob  located  in  a  relatively  Inaccessible  position  and  difficult 
to  opoxete  with  gloves. 

Narrow  ease  too  unstable  for  field  operations. 


Of, 'CLASSIFIED 


•  Vlctoreen  Instrument  Company  Model  356 

Unsatisfactory  for  alpha  measurements  of  fission  products  because  of 
substantial  beta -gamma  response. 

3  INTEGRATING  DOSS  METERS 

a  A.  0.  Beckman  Company  -  200  nr  Pull  Seals 

Difficult  to  charge  exactly  to  aero. 

Considerable  geotropic  effect. 

Somewhat  too  fragile. 

b  Cambridge  Instrument  Company  -  200  nr  Full  Soale 

Seale  easily  burned  by  tbs  eun. 

Too  much  light  required  to  read  seals. 

e  Kelley-Koett  Manufacturing  Company  Modal  It- 100  •  200  nr  Full  Soal* 

Seale  easily  burned  by  the  eun. 

Instrument  very  sensitive  to  moisture. 

Too  much  light  required  to  reed  seals, 
d  Kelley-Koett  Manufacturing  Company  Model  K-150  -  10  r  Full  Seel* 

Seale  eeslly  burned  by  the  sun. 

Vary  high  leakage. 

e  Kelley-Koett  Hanufaoturii*  Company  Model  K-160  -  50  r  Full  Psalm 

Seale  easily  burned  by  the  sun. 

High  leakage. 


/ 


f  Ration*!  Technienl  Laboratories  Vodel  WC-7  (Pocket  Alarm) 

Failure  to  trip  alarm  under  field  conditions, 

Alam  seldom  heard  under  field  conditions. 

g  Victoreen  Instrument  Company  Vodel  300 

Instrument  satisfactory  but  of  little  practical  use. 

VI  TESTS  AND  RESULTS 

A  few  simple  tests  were  conducted  to  bring  out  various  specific  charac¬ 
teristics.  Some  of  these,  such  as  life  tests,  could  not  be  completed,  because 
It  was  not  possible  to  start  them  until  the  main  phases  of  the  operation  had  bean 
completed.  A  summary  of  detailed  characteristics  is  given  of  three  types  of 
Geiper-Mueller  survey  Instruments  in  Table  I,  of  four  types  of  Ionisation  chamber 
survey  meters  in  Table  II,  and  of  five  gamma  pocket  dosimeters  la  Table  III. 


TABUS  I 
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CHARACTERISTICS  OF  GEIGER-MUELIER  SURVEY  M2TER 


CHARACTERISTICS 

Instrument 
r evelopment 
Labs.  2610 

National 

Teohnical 

Labs.  MX-5 

Victor* an 
Instrument 

Co.  2631 

A  PHYSICAL 

t 

height  (pounds) 

11.6 

9.0 

13.4 

Tilt  from  vertical  to 
tip-over  (degrees) 

28 

40 

17 

Case  dimension*  -  length  x 
width  x  height  (inches) 

11x4x6 (exclus¬ 
ive  of  probe) 

91*4-5/8 

*5i 

12x3ixl0(exclus 
lve  of  probe) 

Probe  -  length  x  diameter 
(inches) 

9xH 

8x1 

9x1$ 

Cnse  finish 

smooth  paint 

smooth  paint 

smooth  paint 

Handle 

smooth  paint 

hinged  smooth 
plastic 

hinged  shliqr 
leather 

B  XIZGTRICAL 

Radiation  detected 

beta  gamma 

beta  gamma 

beta  gnmna 

G-M  tube 

3DL  D-12 

RCL  MCI, 

1M1  20B 

VC-13 

Tube  wall  thickness  (os) 

glass-30 

glass-30 

plastic-17 

glass-30 

Ranges  of  gamma  sensitivity 
(mrAr) 

0.2,  2.0,  20 

0.2,  2.0,  20 

0.2,  2.0,  20 

Headphones 

erystal 

magnatie 

crystal 

Ability  to  aero  in  field 

none 

none 

nona 

Metering  tine  constant 
(seconds) 

6 

2 

2 

Microphonics 

none 

none 

nans 

■■  m\MB 


ONCLASS1- 


at  it-u 


CHARACTCSISTICS 


Instrument 
rVvelopofnt 
labs.  7610 


end  0 


Zero  flu?tuatians  per 
(C-M  tube  detached) 


Zero  drift  per  hour 

Teaperature  effect 

Light  sensitirltgr 

Vlad  sensitivity 

Air  pressure  sensitivity 

Useful  opexntinp  life  (hours)  290 

Saturation  effects  non 

Verm-up  period  0 

Sensitivity  variation  .08 

(per  cent  per  hour) 


noted 
C-If  tubes 


MCLASSIL. 


firrn 

J 


National 
Technical 
labs.  K.S 


Tic  to  re  sc 
last  ruse  ill 
Co.  2631 

0 

0 


noted 


noted 
Q«l  tabes 


200 

0 

0.2 


•5 

0 

.09 


a 


,!VH 

til, 


CHARACTERISTICS 


TABI£  II 

CHARACTERISTICS  CF  IGNIZATICM  CHAMBER  SURVEY  VETERS 


Rational  Rational  R*  eland  Ifg. 
Technical  Technical  Corp.  Z-lOO 
Ubs.  MX -2  Labs.  1DC-6  and  Z-iOOA 


A  PHYSICAL 


B  EIECTRICAL 

SadiatlaD  de tee  tad 


bate. 


alpha*  beta 
pan,  and 


Mange  i  at  (na 
eeaaitlvltj  (v/kr) 


20,  50,  5,  50,  25,  100, 

200,  500,  500,  5000  500,  2500 

2000 


AMll^r  to  aero  la  field 
leterlag^tlae  constant 


Victors es 
InatrueeBt 
Co.  247A  and 
247A(SpecUl) 


Weight  (pounds) 

U.2 

8.0 

10.3 

12.8 

Tilt  froa  vertioal  to 
tip-over  (degrees) 

52 

40 

50 

18 

Case  dlaanaions  •  length 

s  width  s  height  (laehes) 

12*7*6* 

9^4-7^ 

12*7x8 

10-3/8*5-3/8 

*13 

Oaae  finish 

aaooth 

paint 

paint 

aaooth 

plaatio 

aaooth 

paint 

hlnfed 

aaooth 

plastic 

hinged 

aaooth 

plaatio 

rigid 

ancdiaad 

natal 

rigid 

painted 

natal 

2.5,  25,  250» 
2500  and  25a 
250,  2500, 
25,000 


UNCLASSIFIED 


CHARACTERISTICS 

National 
Technical 
Labs.  MX -2 

National 
Technical 
labs.  MX-6 

Rauland  t'fg. 
Corp.  7-100 
and  Z-100A 

Victoreen 

Instrument 

Co.  247A  and 
247A(Speelal) 

Zero  drift  per  hour  (per 
cent  of  full  soele) 

u 

-1 

♦1 

♦3 

Temperature  effect 

none 

none 

none 

none 

Light  sensitivity 

none 

none 

none 

none 

Wind  sensitivity 

none 

none 

bad 

none 

Air  pressure  sensitivity 

sensitive 

reduced 

sensitive 

very 

sensitive 

Scale  linearity 

linear 

linear 

(after 

added 

voltage) 

linear 

linear 

Useful  operating  life 
(hours) 

400 

200 

200 

30 

Warm-up  period  (minutes) 

1 

1 

1 

8 

Sensitivity  variations 
(per  cent  per  hour) 

less 

than  <,05 

less 

than  0.1 

less 

than  .02 

Use 

than  1.0 

Saturation  effects  noted 

none 

none 

(after 

added 

voltage) 

none 

none 

UNCLASP.  .d) 


a 
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tabie  III 


CFIARACTERISTICS  OF  GAMVA  POCKET  LOSIf'ETERS 


CHARACTERISTICS 

A  PHYSICAL 

A.  0. Beckman 
Company 

Cambridge 
Inst.  Co. 

Kelley-Koett 
Mfg.  Co. 

K-100 

Kelley-Koett 
Mfg.  Co. 
K-150 

Kelley-Koett 
Mfg.  Co. 
K-160 

We ipht  (ounces) 

0.6 

0.6 

0.6 

0.6 

0.6 

Length  (inches) 

U 

5 

5 

5 

5 

Oitside  diameter 
(inches) 

0.5 

0.5 

0.5 

0.5 

0.5 

Case  finish 

smooth 

metal 

anodised 

metal 

anodised  . 
metal 

anodised 

metal 

anodised 

metal 

Clarity  of  scale 

excellent 

poor 

good 

pood 

good 

Effect  of  sun 
on  scale 

none 

burned 

burned 

burned 

burned 

Drop  test 

unable  to 
withstand  3- 
foot  drop 

pood 

good 

good 

good 

Spin  stability 

excellent 

some  loose 

some  loose 

some  loose 

some  loose 

B 

Ease  of  repair 

OPERATIONAL 

not 

repairable 

with 

difficulty 

with 

difficulty 

with 

difficulty 

with 

difficulty 

Radiation  detec¬ 
ted 

gamma 

gama 

gamna 

gamma 

Full-scale  sensi¬ 
tivity  (r) 

0.2 

0.2 

0.2 

10 

50 

Calibration 
correction 
factor  (%) 

-19 

-2 

-8 

-6 

-8 

fflfiUSSlBl 


c,n  p.tttics 

A.O  .Beoraan 
Company 

Cambridge 
Inst.  Co. 

Kelley-Koett 
Hfp.  Co. 

K-100 

Kelley-Koett 
Mfg.  Co. 

K-i50 

Kelley-Koett 
Vfg.  Co. 
K-160 

linearity  of 
calibration 

falls  off 
*.<«  of  full 
scale  from 
nid-3cnle  1» 
full  scale 

pood 

pood 

pood 

pood 

T'ave  length 
chamoteris- 
tica 

suspected 
of  having 
some  depen¬ 
dence 

appears 

independent 

appears 

independent 

appears 

Independent 

appears 

independent 

Charping  capacity  3.6 
shift  {%  full 
scale) 

3.5 

2.6 

less  than 

1.0 

less  than 
1.0 

Graduation  shift 
flue  to  <50° 
rotation  ($  of 
full  scale) 

7o0 

2.6 

2.0 

2.7 

2,3 

Leakape  zero 
drift  In  24 
hours  (£  ef 
full  seals) 

l.y 

2.2 

1,0 

1.0 

les3  than 
1,0 

Waterproof lug 

excellent 

none 

none 

none 

none 

i 


unclassified 

A  USEFUL  OPERATING  LIFE 

Fresh  batteries  (and  G-M  tubes)  were  installed  and  the  neters  put  In  a 
fixed  peonetrical  relation  to  a  radian  source  so  that  about  half  seals  defleetiim 
was  obtained.  The  neters  were  left  on  continuously  until  failure  or  the  terwiaa- 
tlon  of  the  test.  The  aero  was  reset  before  each  reading  so  that  the  curves  shown 
in  Figures  10  through  16  represent  changes  in  instrument  sensitivity  with  life.  It 
should  be  noted  in  Figure  11  that  the  test  of  the  BO-5  is  not  representative  beoeuss 
of  the  failure  of  the  G-M  tube  and  laeV  of  tine  to  cosiplete  the  testa. 


Instrument  Figure 
Geiger-Mueller  counters 

Instrument  Pevelopnent  laboratories  Model  ?610  10 
National  Technical  laboratories  Model  WC-5  11 
Victoreen  Instrument  Company  Model  263A  12 

Ionisation  ohambers 

National  Technical  laboratories  Model  MX -2  13 
National  Technical  laboratories  Model  BO -6  14 
Rauland  Manufacturing  Corporation  Model  Z-10QA  15 
Victoreen  Instrument  Company  Model  2A7A  (Special)  16 


im.K-i  « 
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B  LINEARITY  OF  RESPONSE 

Usiny  standard  sources  at  rediun  and  carefully  measured  distances,  each 
seals  ranfe  was  cheeked  for  linearity  cf  .response.  The  results  are  shoen  in 
Figures  17  throuyh  22.  After  the  tests  were  couple ted,  the  lack  of  linearity  in 
the  Type  26 JA  ms  found  to  be  to  a  factory-installed  lonp  tine  constant  elec- 
tronie  circuit  combined  with  a  poor  amplifier  tube.  Many  of  these  Instfi— nts 
•ere  assembled  in  this  fashion.  *hen  an  anplifler  tube  of  proper  sensitivity  wee 
Installed,  the  circuit  tine  constant  could  be  reduced,  and  the  response  became 
meh  sore  linear.  Unfortunately,  the  data  for  the  Improved- response  curve  are  not 
available. 

It  *111  also  be  noted  in  Flyure  21A  that  the  MX-6  as  received  free  the 
factory  eaa  quite  nan- linear  on  the  upper  ranees.  This  was  corrected  by  an  addi¬ 


tional  volt  battery  as  shoen  in  Flyura  2 IB. 

Instrument  Flyura 

Geiyer  counters 

InstnsMnt  TVrelopoent  Laboratories  Model  2610  17 

Rational  Technical  Laboratories  Model  MU 5  18 

Tlotoreen  Instrument  Company  Modal  2631  19 

Ionisation  char  be  re 

Rational  Technical  Laboratories  Model  K-2  20 

Rational  Technical  I« bomtoxd.ee  Model  MI-6  211 

(as  reoelved) 

Rational  Technical  Utbomtorles  Model  MZ-6  218 

(90  v  added) 

tlotoreen  Instrument  Coapany  2471  22 


V'*-  r  y 

&  1  iSf 


a 


i 


aaaaa aaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa ■•■■■' 
aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaa. 
aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaa 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaai 


■■■•■■■■■■■■■I 


•■•■■■■■■■  ■■■■■■■■■■  •■L_. 

I  ■■■■■■■■■■ ■■■■■■■■■■ ■  ■■■< 


■■■■■■■■■■■■■■■■■ ■»■■■■■■■>■■■■■■■■■• ■ 

[■■■■■■■a  ■■■■■■••■■  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaagamaaaa  Mnwmt 

*  *  a  -  .<  s  •  *  *  aiiunj*«  a 
s  a  a  *  a  .«  a  *  * »  a  «  a  s  s  •  o  a  a  w  ® 


aaaaaa aaaaa 
■■■■■■•■■■a 


•  n5aas«asssM»:«aa»  *»■»- . 

•  ilaioiioiiaaiiiit  taiaaiogi 
ssssmaasids.-Mif  »>  Misstasjusai. 

»s» a  a  •  a  a  '  a  +  *  >  mt 

•  ((tlMIMtHMHIM  ■  ■«■■■■■■*■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■  aaaaaaaaaaaaaaaaaaaa 


!■■■•■■■■  ■■■■■■■■■■  ■■«■■■■■■■  aaaaaaaaaaaaaaaaaaaa  iMHiMH^nir.r  a  ■■'  mmm  .mm.  aaaaaaa 
•••■•■■■  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aiiaakiaaaat  -aa  a'  mm  ■'  mmm  ^aaaat.w^aa  - 
>aaaaaaaaaaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  ataaaaaaaaan  -r  m'  mmm?  mmm  .mmmmmmmmmmmf 


MS!!!!!!!!!!!!!!!!!  !!!!!!!!!!!!■’! 


■  aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa  aaaaaaa aaa aaaaaaaaaa aaaaa ■■■■■ a*a?aaa*«a "laaaaai 

aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaauaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa r mrmmmr mmr aaaaaaai 
Aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaar m* mmm' mmr, iaaaaaal 
a  ■■  aaa  aa  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  •amiaiF^'oi'  mmr  a  a  aaaaaaaa 
■aaaaaaaa aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaa  .7  a-  «arjaiaaaaaaaM 
aaaaa aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaa ir/a«' «a' *aaa aaaaaaaaaa 1 
■a aaaaaaaa aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaa .fiaa-<ar aaaaa  aaaaa aiaaa 


aaaaaaaaaaaaaaaaaaaa  aaai 


aaaaaaaaaa 

••aaaaaaaa 

-  ■•>•<  aaa 

•••a  - aaaaa 
■■••••••a 

Naaa  aaaaa 


aaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaar  »  .mm'  aa-  aaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaai 
■■■■■■■■■•■■■■•■a*  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaa aaaaa aaaaa aaarj  ,«■'  ««  . mmm aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaai 
aaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  mmmmmmmr  m'  mm'  aa  .aaaaaaaaaaaaaa  aaaaa  aaaaa  iiartwat  aaaaai 


•••••••••••••••••aa  aaaaaaaaaaaaaaar jr ia r mm  .aaaaaaaaaaaa 


■■■■•■at --  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaa 

■  ■aaa bbw->-  aaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaa aaaaa. a 

■  ■aaaaai —  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaa*'  r 


iaaa  aaaaaaaaaaaaaaaaaaaa ■•■•■■■••■• 


aaaaaaaa  aaaaai 


■■■■■■■-“■■■■■•■■■a  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaa'  a  mmr  «r  <aiaa  it - - liaiimi  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaaaaaaaai 

•aaaaai.  -■■■■■■■■■■  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaa' a' ar^aaaaa - - H - Tar raa^-T-"?— ~tt  aaaaiaataa  aaaaaa 

aaaaaar-  aaaaaaaaaa ■■■■■■■■■■■■aaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaar , >■' »r .aaaaaa aaaaaaaaaaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa  aaaaa aaaaiaaaSaii 


■■•■■*■■•■ ■■■■■■■■■■■■■■■•■■■■ aaaaaaaaaaaaaaaaaaaa  mmmmmr  m  mm' a' aaaaaaaa  aaaaaaaaaaaaaaaaaaaa a 
IWIflllflMIIIHI!aS  ■■■•■»■■■■  ■■■■•■■••■■■•■■■■■■•  lanr  /  A'  a'  aaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaU 

” - ■•mi-—  -----  .  - - - - 


■  ■aaaaai  >  '!■■■■■■■■■■  aaaaaaai 

. .  aaaaaaai _ 

. . . . ■■■  aaaaaaaaaaaaaaaaaaaa  aaaaaaai 


■  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa 


■■■■■■■•■■■■■■a ■■■•/<■' m' aaaaaaaaaa  aaaaaaaaaa ■•aaaaaaiaB 
■aaaaaaaaaaaaaa air >  ,r a' aaaaaa aaaaa  aaaaa aaaaaaaaaaaaaaaai 
aaaaa aaaaa aaaaaaa  *  a'  aaaaaaaaaaaa aaaaaaaaaaaaaaaaaaaa ai 


■  •••a ■■■■■ aai aaa. aaa  aaai 

■  aaaaaaaaaaaa' i  I'm  aaai 
aaaaaaaaaaaaaaaaaaaa  aaaaaaai 

aaaaa - - - 

aaaaa 

aaaaa1 _ _ . _ 

■  ■■■■■■■■■■■■■■■■■■a  aaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaaaa ■■■■■■■■■■■■■ 

■  ■■■■■aaaaaaaaaaaaaa  ia«aaaaaaan-. 
aaaaaaaaaaaaaaaaaaaa  >■■■■ aaaaa r- 

■  aaaaaaaaaaaaaaaaaaa  ■■•■■■■■■• 
aaaaaaaaaaaaaaaaaaaa  ■■■■■■■■■* 


r  -■■■■■■■■■■■■■■■■■■•■■■■•■■•■■■■■■■■■■•■■■■ aaaaaaaaaaaaaaaaaaaa aaaaaaai 

p  .mmm  ■■■■■ . ■■■■■«■■■■  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  ■aaaiaalH 

mmmmm aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa ■■■■■■■■■■ aaaaaaaaaa aaaaaaaaaa 
Laaaaa  aaaaa aaaaa aaaaa aaaaa aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa 
■•■■■•  ■■■■■■■■■■■■■■■•■■■■  •••■■■■*•■■■■■■■■■••  (•■*■•■■«■•■••■•■•■■  aaaaaaaaaa 
■■■•■■■a ■■■■■■■■■■■■■■■■■■■■ aaaaaaaaaaaaaaaaaaaa ■■■■■■■■«■■■■■■■■■■■ ■•■■■■■■■■ 
■■■■■■■a ■■■■■■■■■■ ■■■■■»■■■■■■■■■■■■■■■■■■■■■■■■ aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa 


iillilillili 

IjpPPPP 


■aaaaaaaaaaaaaaaaaa  aaaaa ■■■■■ aaaaaa-. 

•aaaaaaaaaaaaaaaaaa'!  iaaaaaaaaaaaaaaaai 

■  aaaaaaaaaaaaaaaaaa!-  iaaaaaaaaaaaaaaaai  .  _ _  .  .  _ 

■  ■  aaaaaaaaaaaaaa  ■■■■■■■■■■■■■■■■■■■■  aaaaaaaaaaaaaaaaaaaa  aaaaa  aaaaa  aaaaaaai _ _ _ 

— — —  — ■■■■■■■■■■■■■«■■■.  r.  ■■■■■■■■■■■■■■■■■.  a  .aaaaaaaaaaaaaaaaa- 


■■■■■■■■■■■■■aaaaa aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa I 
■■aaaaaaaaaaaaaa  ia  »  »  ■■■■■■■■■■■■■■■»  •■■■■■■■■■■  aaaaaaac.  ar  .■■■■■■•■■■■■■■■•.  '■ t -aaaaaaaaaaaaaaaaaa I 

-  j  ---  r  MBt^sass«taaN  i 


aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa aaai 


unclassified 


C  MRECTIOTAL  RESPONSE 


Th«  Instruments  were  located  at  a  fixed  distance  from  a  point 
mdlta  and  rotated,  and  readings  ware  taken  at  repolar  Internals.  The 
eorres  are  shown  In  Plpores  ?3  throoph  32. 

Instrument 
Golfer  counters 

Instrument  Developnent  Laboratories  Modal  2610 
(nareal  orientation) 

Inatnment  Development  Laboratories  Modal  2610 
(on  side) 

Matlanal  Technical  Uboratorles  Model  NX-5 
(noteal  orientation) 

National  Technical  laboratories  Model  NX-5 
(on  aide) 

▼letoreen  Instrueent  Caepanj  Model  2631 
(nomal  orientation) 

T letoreen  Inatnment  Conpanj  Model  2631 
(on  aide) 

Ionisation  ehanbers 

Matlanal  Taohnleal  Laboratories  Model  MX -6 
(nareal  orientation) 

Matlanal  Teebnleal  Laboratorlee  Model  NX^ 

(on  aide) 

Tlotoraen  Inatnment  Coepazgr  Model  2171  and 
217A(Speolal)  (nomal  orientation) 

Tletereen  Inatnment  Cempasp  Modal  2471  and 
2171(Speolal)  (on  aide) 

II 


21 

29 

26 

27 


29 

30 

SI 

32 
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D  ALTITUDE  EFFECTS 

Using  a  standard  radium  source,  instruments  were  calibrated  in  the  air  to 
determine  altitude  effects.  Due  to  space  limitation,  the  radium  source  was  attached 
to  a  wire  so  that  it  could  be  drawn  from  the  tail  section  of  the  plane  toward  instru¬ 
ments  in  the  radio  compartment  of  e  B-17G. 

It  should  be  noted  that  the  Viotoreen  ?A7A  ionisation  ohamber  surety  mater 
ee  received  was  uaelaea  for  air  monitoring  due  to  severe  distortions  of  the  plastic 
ohamber  well.  In  order  to  urevent  ohamber  distortion,  a  1/8  inch  diameter  hole 
wms  drilled  through  both  the  instrument  ease  end  the  chamber  cover  so  that  the 
Instrument  would  react  as  an  open  chamber.  This  modification  had  two  undesirable 
results!  (a)  moisture  was  allowed  to  enter  the  chamber,  and  (b)  the  elope  of  the 
calibration  curve  of  the  open  chamber  varied  inversely  with  altitude.  These  con¬ 
ditions  were  found  to  be  far  lees  serious  then  those  resulting  fron  pressure  chaises 
on  closed  chambers. 

Variation  of  results  from  instrument  to  instrument  within  e  single  model 
and  between  models  was  such  as  to  produce  only  the  conclusion  that  there  is  an 
altitude  effect.  Fueh  more  data  is  required  for  intelligent  interpretation.  Figure 
33  illustrates  this  point  but  should  not  be  considered  as  representative  of  this 
type  or  of  other  types  of  instruments.  The  Air  Inetrunentatlan  Report  of  Task  Unit 
7,6.1  (3)  is  on  file  in  the  Radiological  Tefense  Division  of  the  Armed  Forces  Special 
Weapons  Project. 
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E  SHOCK  RESISTANCE 


Instruments  sere  dropped  &  distance  of  one  foot  onto  a  steel  deck  in  normal 
orientation.  If  they  sere  then  operable,  they  were  dropped  in  other  orientations 
and  the  height  raised  until  failure  occurred. 

On  Type  2631  the  indicating  meter  broke  loose  from  its  housing  on  the 
first  drop. 

Type  MI-5  survived  all  one-foot  drops  with  variable  shifts  of  sere  and 
sensitivity  after  each  drop. 

Type  2610  survived  all  one-foot  drops  with  not  over  10  per  cent  of  fbll 
seals  sero  shift  and  no  change  in  sensitivity.  Two-foot  drops  in  noxml  position 
sprung  the  probe  clamps.  A  two-foot  drop  on  the  side  bent  the  meter  needle,  but 
the  instrument  was  operable. 

Type  ?47A  survived  all  one- foot  drops  with  not  more  than  10  per  cent 
change  in  sero.  A  one  and  one-half  foot  drop  on  the  top  broke  the  handle,  but  the 
instrument  was  operable. 

On  Type  VX-6  the  shock  tests  were  not  satisfactory,  because  eaoh  drop  shook 
loose  the  battery  contacts.  When  the  contacts  were  fixed,  the  instrument  was  operable 
after  all  one-foot  drops, 

F  IWERSICM 

Only  three  survey  instruments  and  one  model  of  the  dosimeter  were  suitable 
for  immersion  testing.  The  others  had  obvious  leaks. 

Two  meters  of  the  National  Technical  l«bdaratories  Model  MX-5  were  submerged 
with  the  top  about  three  inches  below  the  surface  of  sea  water.  One  meter  failed 
after  30  minutes  and  was  restored  to  service  by  drying.  The  second  meter  operated 
properly  and  was  completely  dry  inside. 


9mm  UNCLASSIFIED 

The  Vlctoreen  Instrument  Company  Model  ?47A  was  submerged  in  see  water 
and  floated  upside-down  with  about  three  inches  of  the  bottom  protruding.  After 
30  minutes  of  immersion  the  instrument  functioned  properly  and  was  o  amp  lately  dry 
inside. 

The  National  Technical  laboratories  Model  MX -6  was  submerged  with  the  top 
about  three  inches  below  the  surface  of  sea  water.  There  was  no  failure,  and  tha 
instrument  remained  dry  ineidm 

Six  of  the  A.  0.  Beckman  ?00  mr  dosimeters  wen  immersed  about  six  inches 
bslow  the  surface  of  sea  water.  After  two  hours  two  had  leaked  and  failed )  after 
four  hours  thne  had  leaked  and  failed)  after  eight  hours  four  had  leaked  and  failed) 
■fter  10  hours  fire  had  leaked  and  failed)  and  after  40  hours  fire  had  leaked  and 
fallad.  One  instrument  was  tight  and  serviceable  at  the  end  of  tha  test. 

C  TILT  FROM  VERTICAL 

In  determining  the'  tilt  from  the  vertical  required  to  tip  over  the  instru¬ 
ment,  the  Instrument  was  placed  in  s  normal  operating  position  and  than  tilted  from 
the  normal  position  to  such  an  angle  that  the  instrument  tipped  oarer  on  its  side. 

This  gave  an  indication  of  th#  stability  of  the  instrument  when  standing  an  the 
deck  of  a  ship  or  boat  or  on  tha  bed  of  a  truck.  Results  of  this  teat  ara  given 
in  Tables  I  and  II. 

H  METERING  TIME  CONSTANT 

The  metering  time  constant  (RC)  was  determined  by  introducing  approximately 
a  full-scale  meter  reading  and  then  measuring  the  amount  of  tlma  required  for  the 
meter  to  drop  to  approximately  one-third  of  its  value  when  the  radiation  source  wae 
removed  from  the  detector.  The  time  constant  was  also  studied  me  the  time  required 
to  reach  two-thirds  of  Its  final  average  reading  when  a  radiation  source  wee  moved 
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f*aa  •  distance  to  a  sot  point  noor  tho  detoetor.  Th#  value  given  in  Tobias  Z  and 
II  la  tha  average  of  tho  too  observations. 

I  II CROFH  CHICS 

Tha  observations  on  inatraaant  aleroph rales  were  aads  by  allowing  tho 
instilment*  to  drop  Aron  ona  to  too  lnehes  onto  a  hard  snrfaoa  and  than  noting  tbs 
offsets  on  aatar  reading a.  An  axasinatian  was  also  aada  as  to  tha  rasponsa  of  ths 
Instrument  to  sharp  raps  on  tha  slds  of  ths  oaas.  Observations  are  tabula tad  in 
Tables  1  and  II. 

J  MISCELLANEOUS  TESTS  OR  SDHVEY  CTSTTOMEMTS 

Zero  flaetustlons  per  second  and  ssro  drift  par  boor  wars  de tarsi nad  by 
observations  aada  over  approximately  40  hoars  of  continuous  operation  lassdiataly 
foliosing  installation  of  nsv  battariap. 

Tha  taupe rstura,  light,  and  wind  sensitivities  ears  studied  only  on  ths 
basis  of  routine  operation. 

Air  pressure  sensitivity  Is  based  on  eomsnts  wads  by  personnel  Involved 
in  air  operations  and  doss  not  represent  tha  results  of  any  foraal  study. 

Ths  w*r»-ap  period  was  determined  as  ths  tins  required  for  ths  instnamnt 
to  stabilise  to  s  point  that  ths  ssro  drift  was  less  than  one  per  cent  of  full  seals 
per  alnuts. 

K  TESTS  ON  POCKET  DOSIMETERS 

Table  III  lists  oharaoterlstioa  of  the  poekst  electroscopes  used  for  detens- 
lndLng  individual  dosages  of  gams  radiation.  Certain  observations  have  been  nsds 
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*)leh  in  obvious  frost  their  listing  in  the  tables.  Ths  Mthods  followed  la  oao> 
doeting  other  teste  are  described  below. 

CoaMBte  on  ruggwdMsa  hn  nod*  on  th#  bails  of  tests  conducted  at  mb* 
fietonn1  plant*  prior  to  ahlpaont  to  Operation  Sands  ton*.  Th*  mggedness  taata 
constituted  a  drop  and  spin  toat.  Th*  doalaatar*  van  allowed  to  diop  five  tiaaa 
through  thro*  foot  so  that  th*  doalaatar  fall  a  ah>i—  of  one*  on  aaeh  and  nd 
onoo  on  the  aid*.  Th*  spin  taat  eonalatad  of  rapldljr  rotating  th*  lnatn'Msnt  bataaan 
tha  palaa  of  th#  opa rater's  hands.  An  observation  was  than  nad*  as  to  wbathar  say 
onlta  of  th*  assoably  wsrs  coved  fro*  notual  poaltlona  by  th*a*  aoe*  la  rating  fore**. 

Th*  doalaatar  enlibratlon  oorraetlan  factor  was  dsts mined  by  eallbratlaf 
40  or  nor*  lnatronenta  by  naans  of  gam»a  rays  fro*  a  radios  source.  After  obtain¬ 
ing  tha  #▼•  rag*  calibration  enrr*  of  tha  Instruments,  a  determination  was  and*  as 
to  th*  average  deviation  fra*  the  calculated  reading. 

Daring  Tost  2*bra,  50 -r  doalnotors  and  flla  badges  were  exposed  to  flash 
radiation.  DoslMtora  and  flln  badges  were  located  at  stations  at  various  distances 
fro*  tha  detonation.  The  so  instrunents  wsrs  placed  in  position  on  Z  *lans  on* 
nornlag  and  reeevered  at  appro* lnately  Z  plus  six  hoars.  Th*  results  of  these 
exposures  are  tabulated  In  Table  IT.  Further  lnformtlon  an  the  flln  badges  nay 
be  found  slaewhore  (4). 

It  *111  be  noted  fro*  th*  data  In  Table  IT  that  with  a  few  exception* 
the  doslMtars  read  10  par  oent  lower  than  th*  flln  badges.  Sine*  this  is  fairly 
tadfosw  throughout  tha  various  stations,  it  can  be  eonoluded  that  th*  dlffbrano* 
bataaan  the  flla  badge  and  doslMter  la  a  natter  of  spaetnl  response.  Much  acre 
significant  is  tha  fbot  that  tbs  doslMtars  do  not  saturate  at  high  flash  Intensities. 

Th*  leakage  history  of  tha  doslMtars  is  such  that  one  would  laandlntely 
snapeet  that  fhetor  to  b*  responsible  for  th*  on*  high  reading  at  Station  "I"  and 
the  reading  for  Station  *F*. 
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TABLK  I? 


PUSH  EXPOSURES  OP  KELIXT*OKTT  1CBEL  *-160  (50  r  PULL  SCAB) 
CAMTU  DOSIMETERS  AMD  Pill  BADGES 


DOSIMETER 

HU  BADGE 

STATXO 

READING  (r) 

REAPING  (r) 

A 

40 

50 

45 

50 

50 

51 

• 

27 

n 

30 

31 

34 

34 

C 

15 

17 

19 

19 

D 

7 

8.6 

10.5 

10.5 

E 

28 

6.5 

6 

6.5 

6.0 

6.5 

P 

5 

4.5 

4.3 

4.3 

4.5 

0 

mar  saro 

2.0 

mar  taro 

2.1 

2.2 

1.9 

1 


Z 
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m  ccMcusiais  and  reconmenpatios 

Ob  tlM  whole  tho  Instrunents  asod  for  health  protoe tl on  «t  Operation 
Sandotaoo  wore  oubotontlol  improvements  over  thooo  used  at  Blkliil  daring  Oporotloa 
Crossroads.  Once  tho  obvious  design  faults  wars  corrected,  oil  asters  porforaod 
*•11  oad  required  only  mode rate  servicing.  Several  Improvements  in  design  oan  bo 
node  in  every  esse  to  nske  the  instrunents  more  sorvloooblo  for  field  toots.  Tho 
■oot  serious  defects  occurred  in  the  poo Vet  dosimeter.  This  Is  s  most  useful 
lnstrunsnt  and  is  essential  to  operations  of  this  typo.  Only  by  Intensive  drying 
fay  sllioe  gel  between  Issues  was  it  possible  to  keep  a  sufficient  quantity  in 
washing  order  to  meet  the  requirements  of  the  operation.  Future  designs  must  be 
node  completely  waterproof. 

Any  further  operation  of  a  similar  nature  should  be  equipped  with  a 
greater  amber  of  ionisation  chamber  instruments,  end  sans  of  these  instnaents 
should  bo  capable  of  reeding  50,000  nr^ur.  Ceiger4*ueller  counters  wore  available 
in  sufficient  quantity  to  moot  all  requests  with  a  pood  reserve  to  meet  any  failures. 
On  several  ocoaslons  every  ionisation  chamber  lnstrunsnt  was  issued,  and  sane 
progren  adjustments  wars  necessary  to  moot  all  requests. 

Ions  of  tho  survey  instrunents  tested  wore  conplotaly  satisfactory  for 
sir  use  except  when  placed  in  constant  prea sure— constant  tanperatura  chambers, 
fbrthsr  study  on  Instrunents  for  use  during  sir  monitoring  Is  noeessary. 

A  questionnaire  subnltted  to  tho  working  monitors  produced  little  in  the 
way  of  constructive  suggestions.  All  wanted  a  smaller  and  lighter  instiunsnt.,  and 
there  io  no  doubt  that  thooo  are  deoireble  characteristics.  It  ia  also  certain, 
however,  that  ruggednooa  and  dependability  mat  not  bo  sacrificed  far  eanpnstnsoo. 
loot  nonitors  agreed  that  the  protective  o avers  designed  to  prevent  inotranant 
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ecatanlmtlaa  were  cltasy  and  Interfered  with  proper  manipulations  of  tho  controls. 
Thor*  was  a  universal  feelinp  on  tha  part  of  tho  Monitor*  that  an  lllanlaated  wator 
seals  would  be  highly  desirable.  This  was  true  even  In  an  operation  conducted 
prlnarlly  In  the  open.  It  would,  of  course,  be  wore  desirable  when  nanltorlnf  the 
interior  of  ship*  or  structures  in  an  operation  snsh  as  Operation  Crossroads. 

In  funeral*  the  instruneats  used  durlnp  Operation  Sandstone  wore  setlafto* 
to*7  fron  a  circuit  standpoint  or  could  be  readily  node  so.  Radical  ehanpoa  do  not 
appoar  necessary,  lore  surged  cons  tree  tlcn  based  on  JAR  specifications  and  chains 
in  nschanical  deslpn  should  produce  wary  satisfactory  lnstrunenta  for  field  use. 

It  Should  bo  noted  that  tho  neoitors  operating  lnstnaeaats  wore  of  hlfher 
oallber  than  those  who  will  fwaerwlly  operate  thaw  with  military  field  units.  In 
addition,  the  operation  woe  of  re  la  tire  ly  short  duration  and  had  continued  high 
lowol  nalntomnoo  onphasls.  As  a  result,  the  reader  should  bo  cautioned  net  to 
anticipate  equal  lastrunent  abuse  durlnp  future  operations. 

mi  imincD 

(1)  "Results  of  Field  Tests  on  Radiation  Detection  Tnstn—nte.* 
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(2)  TaSk  Group  7.6  lsttsr  to  tbs  Chief  of  the  Bureau  of  %ipt, 
*Vxporlnoatal  Radies  lnstrunenta.  Report  on,"  dated  5  lay  1948. 
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TOt  Colon* 1  Janes  P.  Cooney 

(Dr.  R.  I.  Lapp 
(CDR  R.  L.  Andrews 
(LCDR  D.  C.  Cawpbell 

71ml  Report  of  tin  hboseelttM  an  Radeafe  flurvef  Instrument* 
EHCLOSCHRi  Re  Pinal  Report 

1.  At  Its  first  see  tiny  on  1*  September  1947,  the  hdeafi  XX  Caemlttee  authorised 
the  formation  of  •  subeovittee  on  instruments  for  the  purpose  of  determining 
the  type*  of  mdlolorlcel  lnstrunents  that  night  be  procured.  CDfl  Andrews  (HI), 
UStt  Cawpbell  (APSWP),  and  Dr.  R.  F.  Lapp  (JRDB)  were  appointed  to  the  seb- 
coemittee  end  were  directed  to  subadt  an  interlw  report  es  eooe  es  possible, 
preferably  within  a  week. 

2.  The  Subcaendttee  held  Its  first  Beetlq;  on  20  Septawber  1947.  As  e  result  of 
this  meeting,  the  tebcaanlttea  Issued  an  Interlw  report  dated  22  Septawber 
1947.  It  was  decided  that  Insufficient  up-to-date  information  was  available 
an  which  to  base  conclusions  In  the  Interlw  report  end  that  a  eoowdttee  survey 
of  the  current  development  work  In  the  Boston,  Cleveland  and  Chioago  Areas  wee 
In  order. 

3.  Between  23  and  27  Septawber  1947,  Dr.  Lapp  and  LCDR  Cawpbell  visited  Boston, 

Cleveland,  and  Chicago  and  wade  a  quick  survey  of  the  Radeafe  1  net  Trent  sltas- 

and  available 

tion,  both  with  respect  to  lnstrunents  lnned lately  avallable/rlthln  one  year. 
Cawpbell  and  Lapp  also  wade  a  visit  to  one  cenpany  la  Arlington,  Virginia,  on 
1  October  1947.  Andrews  vlsltsd  Philadelphia,  Pa.  an  27  September  1947* 

4.  In  addition  to  visiting  Instrument  eawpanlee  In  the  eastern  U.  8.  arses,  the 
Subcommittee  has  contacted  companies  in  other  parts  of  the  country  to  detemtae 
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the  statu*  of  their  development  work  lit  tho  field  of  survey  lnetrunentatlon. 
Contact  has  boon  usds  with  Interested  agencies  of  the  A my,  levy  end  Air  Fame 
as  sell  as  the  Atonic  Energy  Caanlssloa  to  determine  shat  work  of  related  nature 
is  being  pursued  by  these  agencies, 

5.  A  final  nesting  of  the  Subeonnlttee  sue  held  4  October  1947,  and  the  Final 

Report,  Enclosure  A,  which  covers  lansdlatc  reqnlrsnsnts,  was  prepared.  1  anger 
developments  sill  be  reported  separately. 


■ael.  A  -  Final  Report 

net  CDB  R.  L.  Andress 
Dr.  R.  S.  Lapp 
LCDR  D.  C.  Caupbell  (3) 
CAR  F.  X.  Wlnent,  Jr.  (2) 
Major  Dauer 
Col.  Cooney  (3) 


/s/R.  S.  Lapp 
R.  I.  LAPP 
for  the  Sttbecaadttee 
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FINAL  REPORT  ON  RADSAFE  SURVEY  INSTRUMENTS 
1.  Purpose  of  the  Report 

The  purpose  of  this  report  la  to  provide  a  sehedule  for  instrument 
curement,  Itemised  toy  manufacturer  and  typo  which  aay  too  obtained  In  the  quant!* 
tloo  noted  in  Paragraph  2  prior  to  15  January  1348.  Sane  slight  nodlfloatlane  here 
been  node  to  the  total  quantities  of  general  eatalopnea  of  Instruments  which  were 
dote  mined  toy  the  Rad safe  II  Connlttee  at  its  first  nee tiny  on  18  September  1347 
and  contained  In  the  Interim  report  of  2?  September  1947. 


2.  Inf*  orMwJfoffiitttt 

In  order  to  arrive  at  its  findings,  the  Subcommittee  considered  the 
companies  listed  in  Attachment  I  In  order  to  m«Ve  the  following  schedule. 

a.  siigyy-yseUv.Smvx  jytaffltptp 


Model 

Price 

Quantity 

a-  Instrument  Development  tabs. 

2610 

8250 

25 

to-  Yletoreen  Instrument  Co. 

263A 

200 

100* 

c—  National  Technical  tabs. 

K-5 

_22Q 

15u» 

—25 

150 

•Nay  toe  obtained  from  300  to  toe 

delivered  to 

the  AEC  toy  15  No 

vemtoer  194 

Ion  Chamber  Survey  Instruments 

a-  Rational  Technical  Labs. 

■X-2 

8300 

20 

to-  Yletoreen  Instrument  Co. 

247A 

250 

50 

c-  Yletoreen  Instrument  Co. 

Mod.  247A* 

250 

10 

d-  Rauls nd  Co. 

Zeus  2100* 

273 

tS 

*26,500 

Paragraph  5  below. 
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c.  Direct  R— dinr  Dosimeters  (P ocket  Electroscope) 


Model 

Price 

Quantify 

a-  lendeverk  Electrometer  Co. 

L-200 

843.20 

300 

b-  Land work  Electrometer  Co. 

L-lOr 

90.00* 

50 

e«  lendeverk  Eleotroneter  Co. 

L-50r 

75.00* 

10 

d-  Instrument  Development  lab. 

3360 

30.50 

200** 

e-  Rational  Technical  Tebe. 

-  -  . 

825,810* 

m 

f-  lendeverk  Charging  Boxes 

$35.00 

36 

g.  n>L  Charging  Baxes 

3360 

35.00 

20 

b-  Rational  Technical  Lab.  Charging  Boxes 

, _ geos, 

82310.00 

-8 

Retina  ted  price. 

••290  a ay  be  obtained  from  the  Atomic  Energy  Coennieslon  from  an  order  to 
be  delivered  approximately  1  January  1948. 

D.  Direct  Reading  Dosimeter*  (Vacuum  Tube  Integration) 

Model  Price  Quantity 


a-  Victoreen  Instrument  Co.  Proteximeter  8175 

*4,375 


While  the  Subcommittee  did  not  have  sufficient  tine  to  draw  up  a  conplete  set 


of  epee  if  ice  t  ions  for  any  of  the  subject  teeters,  only  the  above  noted  note  re 
approached  acceptance  under  the  following  broad  considerations! 

a-  Portability  (weight  not  over  12  pounds)  slee  4x10x10  inehas) 
carrying  device t  etc). 

b-  Characteristics  of  the  sensitive  element  (G-M  tube,  range  0-0.1, 

0-1,  0-10  r/dey:  or  ion  ohanber  ranges)  0-1,  0-10,  0-100,  0-1000  r/day). 
c-  Buggedneee  (shock,  vibration  teat) 

d-  Ccntaainablllty  (disposable  cover,  smooth  finish,  not  painted) 


«UHB 

•-  Temperature  effect  on  sensitive  element  and  components  (nutpi 
32-135°  F  and  lower  If  possible) . 
f-  Battery  life  (120  hr,  at  8  hr./day  minimum) . 
f-  Tropica 11 sati on. 
h-  Hmidity  eflbct. 

1*  Circuit  stability. 

j-  lister  proof  inf,  imnersion  proofing,  etc. 
k-  Tine  of  response  (less  than  10  seoonds). 

1-  Accessibility  for  repair  (easy  battery  replaeesent). 

»-  Calibration- re  liability. 

»-  Bees  of  adjustment  (dial  set,  sero  set,  range  change), 
o*  Photosensitivity. 

p-  Altitude  effeot  (seeled  ion  ohsmber). 

q-  Quality  of  components  (procurablllty  and  standardisation). 

4.  Pa— Ibis  Procurement  Difficulties 

As  anticipated  in  the  preliminary  survey,  the  only  serious  bottleneck  is 
with  the  ta-vl  overt  Electrometers.  At  the  time  of  the  Subcommittee  visit,  nr,  0.  G, 

Lend avert  me  on  the  verge  of  aakinf  a  decision  either  to  expand  into  a  use  plant 
in  That  Chicago  and  retain  hla  own  facilities,  or  to  Join  with  some  other  company. 

If  ha  contlnoss  with  his  own  business,  It  Is  posalblo  that  500  L-*  Maters  can  bs 
obtained,  from  parts  on  hand,  by  15  January.  On  the  othsr  hand,  there  is  no  promise 
of  delivery  on  0-20-r  or  higher  range  meters,  and  landmark  would  want  a  development 
or  cost  plus  contract  to  do  this  work.  Innsdlata  action  la  needed  to  prevent  this  item 
from  becoming  a  bottleneck.  It  la  the  Committee's  recommendation  that  an  order  less 
then  500  of  the  W  Vetera  be  ordered,  so  that  land  avert  nay  devote  his  time  to  the 
higher  rungs  meters. 
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delivery  of  the  National  Technical  laboratory  electrometers  by  January  1$ 
■ay  not  be  possible,  but  an  order  Is  rscommsnded  t->  stiaulate  production  soureea 
■ore  reliable  than  those  of  Lendrrerk. 


5. 


Zaiintrt  M9diaMU<?M 

The  Vlotereen  247A  Ion  chaaber  re ter  has  four  scale  rankest  2.5  mr/l ir 
full  scale,  lx,  lQx,  lOOx,  and  lOOGx.  It  is  desired  to  obtain  ten  instnasats 
nodified  to  hare  four  scale  ranges!  ?,5  mr/hr  full  scale,  10x,  lOOx,  lOOGbt,  and 
10,000k.  Thus,  the  Company  has  agreed  to  do  without  additional  cost. 

The  Rauland  Corp.  Zeus  is  a  portable  alpha,  beta,  gamma  taster,  and  it  in 
the  Subcommittee '  a  recommendation  that  this  instrument  be  nodified  to  gam  reading 
only.  It  la  further  rec amended  that  the  inatrunent  be  placed  in  a  natal  oasa. 
Theee  nodlfieatlons,  especially  remoral  of  the  alpha-beta  feature,  should  simplify 
the  inatrunent  and  perhaps  effect  a  reduction  in  price. 


6.  Additional  Surrey  Instruments  for  Aircraft 

The  quantities  of  surrey  Instruments  listed  under  Paragraph  7  do  not 
include  allowance  for  more  than  six  manned  aircraft.  Should  mors  aircraft  he 
inxolred,  it  is  recommended  that  the  following  quantities  and  types  of  instruments 
be  procured  for  each  aircraft! 

1-  Ionisation  Chamber  Surrey  Meter 

2-  Geiper-*'ueller  currey  Meter 

1-  Proteximeter  or  equivalent 


Paragraphs  2  and  5,  and  that  20  /EC  design  Pluto  Veters,  Uodel  3 56, be  obtained 
tram  a  lot  of  125  Manufactured  by  the  Vlotoreen  Conpany  and  delivered  appralaataly 
July  1947  to  tha  Atonic  Energy  Coanlssloa. 

8.  Engineering  and  Production  of  Existing  AEC  Surrey  Instruments 

It  is  known  that  there  are  In  existence  at  the  various  sites  of  tha  A  toads 
Energy  Conalssian  surrey  Instruments  which  are  uere  aatlsfaetoty  than  those  listed 
under  Paragraph  2  above.  For  exaeple,  Los  A  lari  os  has  developed  the  Patts  as  ten  sad 
Sandla  has  a  modification  of  his  eater,  but  to  date  this  has  not  been  engineered  or 
produced  by  any  conpany.  It  is  not  believed  that  these  asters  ea*  be  ei*laeezed 
and  placed  in  production  In  order  to  neat  the  present  needs. 

9.  Additional  laboratory  Instrunsnts 

It  should  be  noted  that  this  report  covers  survey  instrunsnts  and  does 
not  Include  any  instruments  required  for  laboratory  purposes. 

/b/R.  P.  Lapp 
R.  E.  LAPP 
for  the  Rubcoanittee 

Attachment  It 

List  of  Radiological  Instrument  Companies 
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M.ST  (F  COMPANIES  »H08E  PRODCCTS  -»RE  CCH3ITBHEP  IH  INTERIM  BEPMT 


Applied  Physics  Corp. 

40  S.  Oak  Knoll 

Pasadena,  Cal. 

Atonic  Instrument  Co. 

160  Charles  pt. 

Boston,  Mass, 

Berkeley  rc lent! fie  Co. 

601  Kevin  Are. 

Rlchnond,  Gal. 

Cambridge  Inetrunent  Bo. 

Grand  Central  Station 

lev  York,  1.  T. 

Cyclotron  Specialties 

Forage,  California 

Pormltser  Sleet.  A  Nfg.  Co. 

782  CoraaoBsealth  Asa. 

Ca abridge,  lass. 

Alan  B.  duMont  labs. 

Paaaale,  I.J. 

Edyerton,  Cemeahausen  A  Crier 

77  Mass.  Ara. 

Cambridge,  Mass. 

Electronics  Control  Corp. 

1573  E.  Forest  Are. 

Petroit,  Midi. 

General  Radio  Co. 

775  Mass.  An, 

Cambridge,  Maas. 

Geophysical  Instrument  Co. 

1820  R.  Nash  St. 

Arllnirton,  Vs. 

Henson  Co. ,  Fred 

Pasadena,  Cal. 

Herbach  and  Radenan  Co. 

517  Ludlow  st. 

Philadelphia,  Pt. 

Instrument  T'ewelopment  Labs 

223  W.  Erie  St. 

Chicago,  Ill. 

Kalley-Koett  Mffc.  Co. 

Covington,  Ky. 

Tandsrerk  Eleotroneter  Co. 

6030  Ellis  Awe. 

Chicago,  Ill, 

MacLeod  and  Ranopol 

10  Joiner  St. 

Charleston,  Mass. 

(rational  Technical  Labe. 

814  Mission  St. 

S.  Pasadena,  Gel. 

North  American  Phillips  Co. 

100  E.  42nd  St. 

Maw  Yoi*  17,  M.I, 

Radiation  Counter  labs. 

1844  *.  21st  St. 

Chicago,  111. 

Rauland  Corp, 

4245  N.  Knot 

Chicago,  XU. 

Raytheon  Mfg.  Co. 

160  State  St. 

Boston,  Maas. 

SylTania  Electric  Prod.  Co. 

70  Fareythe  St. 

Boston,  Mass. 

UNCLASSIFIED 

Technical  Associates,  Inc.  3736  Pan  Fernando  Rd.  Glendale,  Cal. 

Tracerlab,  Inc.  55  Oliver  St.  Boston,  Pass. 

Victoreen  Instrunent  Co.  5806  Rouph  Are.  Cleveland,  Ohio 


The  following  additional  companies  are  listed  for  ftitun  reference i 

Bendix  Aviation  Corp.  Special  Products  Div.  Detroit,  Blob. 

Fisher  Bid*. 

Consolidated  Engineering  Pasadena,  Cal, 

Cornell  Fngineeriag  Buffalo,  R.  I. 

Gillian  Radio  Los  f.n<ielea,  Cal. 

Hewlett  Packard  Co.  Palo  Alto,  Cal. 


UNCLASSIFIED 
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APPENDIX  B 

PHOTOGRAPHIC  me  LABORATORY 

The  photopraphic  film  laboratory  for  processing  film  badges  ms  housed  la  the 
regular  photographic  laboratory  of  tha  U.S.S.  Bairoko.  This  space  of  about  600  oq.  ft, 
is  air  conditioned,  and  the  processing  tanks  were  installed  in  temperature  controlled 
baths.  Personnel  consisted  of  part-tine  assistance  by  Pajor  J.  T.  Brennan  (BO)  BSA, 
and  the  following  photographers  mates »  Fletcher,  Janes  3.,  AF  3l  Liebe,  Ernest  B., 

PH  3;  Rhenish,  Edward  J.,  AF  3;  and  Vernon,  Jama  M.,  AFAR. 

All  processing  was  done  with  packaged  developers  to  avoid  the  errors  Inherent 
la  weighing  and  nixing.  Calibrations  were  made  with  tha  standard  radian  sources  need 
by  the  Instrument  laboratory.  Two  Veston  Electrical  Instrument  Ccnpasy  photographic 
densitometers  were  used  for  measuring  the  processed  film.  These  densitometers  were 
preproduction  models  built  to  AEC  specifications.  Thsy  differed  from  production 
models  in  the  design  of  the  case. 

The  operation  of  the  film  laboratory  was  uneventful,  but  a  few  comments  nay  ba 
of  help  in  future  operations.  In  an  operation  of  this  sort  the  film  badge  load  has 
vary  high  peaks,  and  a  short  nrocesslng  and  reading  time  is  essential.  Tha  personnel 
assigned  to  this  job  were  not  adequate  to  handle  the  peak  loads.  On  occasions  thsy 
were  required  to  work  as  much  as  36  hours  without  relief.  This  was  done  willingly, 
but  under  these  extended  working  periods,  errors  are  very  apt  to  oocur.  In  a  future 
operation  of  comparable  magnitude,  six  men  should  be  assigned,  and  one  of  these  should 
be  a  ohlaf  netty  officer, 

Tha  routine  film  badges  had  two  films  with  maximum  ranges  of  1.5  and  10  r  res¬ 
pectively.  It  is  felt  that  in  future  operations  the  routine  hedge  should  contain 
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a  third  film  sensitise  to  perhaps  100  r.  This  will  rarely  be  needed, bat  on  a  few 
occasions  at  Fniwetok  this  third  film  could  have  been  used  to  advantage. 

Considerable  time  was  consumed  in  the  laboratory  in  mrkli«  the  films  before 
processing.  This  was  done  by  pencil  on  the  films.  The  greatest  care  must  be 
taken  to  awoid  errors  in  identification,  and  this  point  should  be  carefully  studied 
before  another  operation.  Undoubtedly  better  methods  can  be  derised. 
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CRYSTAL  DOSIMETERS 


I  ABSTRACT 

A  variety  of  crystals  and  Vycor  glasses,  which  indicated  the 
amount  of  radiation  to  which  they  had  been  exposed  by  their  degree  of 
coloration  or  color  changes,  were  exposed  at  several  levels  of  gamma 
radiation.  Coloration  varied  from  that  which  was  barely  perceptible 
visually,  to  a  very  pronounced  and  deep  rich  hue.  A  preliminary  esti¬ 
mate  of  results  obtained  indicate  that  this  method  of  radiation  exposure 
measurement  shows  promise  of  practical  application  and  merits  consider¬ 
able  attention  to  effects  its  perfection.  Current  problems  presented  by 
the  use  of  untreated  crystals  are:  (a)  crystal  coloration  lacks  stability 
and  is  affected  by  time  and  exposure  to  light;  (b)  visible  color  changes 
occur  within  a  range  of  exposures  which  is  above  the  lethal  dosage  for 
personnel  and  hence  has  no  value  as  an  indicating  device  in  effecting 
radiological  safety  for  human  beings. 

II  OBJECTIVE 

The  object  of  this  project  was  to  field  test  various  crystals 
for  use  as  dosimeters  to  determine  by  visual  observation  of  color  changes 
the  radiation  exposures  in  the  lethal  and  sub-lethal  range  and  to  determine 
the  degree  of  exposure  to  gamma  radiation  of  various  biological  samples. 

III  HISTORICAL 

One  of  the  prospective  problems  in  radiological  defense  after 
an  atomic  bomb  attack  will  be  to  determine  rapidly  and  with  a  fair  degree 
of  accuracy,  the  extent  of  radiation  exposure  of  personnel.  This  knowledge 


will  permit  the  most  efficient  use  of  medical  supplies  and  talent  during 
recovery  operations.  It  is  possible  that  when  efficacious  medical  treat¬ 
ment  is  developed  the  treatment  may  depend  upon  the  extent  of  exposure. 

The  requirements  for  an  indicating  device  to  measure  this  ex¬ 
posure,  are  that  it  be  light,  easily  carried,  relatively  inexpensive,  op¬ 
erate  under  field  conditions,  and  be  capable  of  being  read  by  relatively 
inexperienced  personnel  with  little  or  no  auxiliary  equipment.  Such 
contradictory  specie  -.nations  are  not  fulfilled  by  any  devices  now  in  use. 

The  coloration  of  various  crystals  and  glasses  by  x-rays  has 
been  known  for  a  number  of  years.  Some  preliminary  work  was  carried  out 
on  several  glasses  by  the  ».aval  riesearch  Laboratory  for  the  Naval  Medical 
Research  Institute  prior  to  operation  CROSSROADS.  Vycor  glasses  seemed  to 
be  the  most  practical  of  those  used  to  determine  the  dosage  received  by 
animals  exposed  at  Bikini.  Because  of  the  samll  dosage  received  by  these 
animals,  completely  satisfactory  results  were  not  obtained.  These  glasses 
have  since  been  investigated  further  by  the  Laval  medical  research  Institute 
and  calibrated.  At  present  they  are  read  by  means  of  a  photoelectric  densi¬ 
tometer.  a aval  Research  Laboratory  continued  work  on  several  other  crystals  , 
particularly  sodium  chloride  and  lithium  fluoride  and  Naval  Medical  Research 
Institute  has  conducted  some  preliminary  studies  on  activation  of  potassium 
bromide  to  increase  its  sensitivity,  t.  report  on  these  materials  will  be 
given  at  a  later  date  of  this  report. 

IV  EXPLRIMENTAL 

The  following  crystals  were  exposed: 

28  Lithium  Fluoride. 

18  Sodium  chloride. 


unclassified 

6  Potassium  bromide. 

10  Potassium  chloride. 

56  Vycor  glass  rods. 

5  Sodium  chloride  and  kanganese  chloride. 

3  Sodium  chloride  and  Salver  chloride. 

15  Potassium  Bromide  activated. 

In  addition,  the  following  materials  were  packaged  in  transparent 
capsules  in  a  powdered  or  granulated  form  and  were  also  exposed. 

8  Zn2Si04 

4  Zn  Ba  SiO. 

4 

2  Zn  GeO. 

4 

5  NaCl 

3  KC1 

3  ZnS 

2  Silver  phosphorous  glass. 

The  crystals  were  artificially  grown  and  most  of  them  were  not 
polished  sufficiently  high  to  obtain  the  best  optical  effect.  They  are 
quite  uniform  in  size  being  1"  t  1/16"  long  and  1/2"  -  1/16"  square  and 
were  all  colorless  and  transparent  prior  to  exposure.  Two  crystals  were 
placed  in  a  1/8"  thic<  aluminum  tube  with  a  screw  cap  seal  for  field  ex¬ 
posure.  The  capsules  were  similarily  mounted  except  that  they  were  pack¬ 
aged  three  to  a  tube.  The  Vycor  glass  rods,  optically  polished,  3/8"  in 
diameter  and  3"  long,  were  packaged  in  corked  aluminum  tubes.  The  acti¬ 
vated  crystals  were  3/8"  cubes.  These  were  imbedded  in  a  clear  plastic 
circular  disc  about  l£"  in  diameter  and  5/8"  thick. 

Approximate  calibration  colors  for  the  more  abundant  crystals 
were  prepared  by  MIL  and  forwarded  to  the  test  area  but  they  were  never 
received.  In  lieu  thereof,  an  attempt  was  made  to  calibrate  standards 
aboard  ship  by  exposing  some  crystals  to  a  250  mg  radium  source  but  this 
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oat  with  little  success.  Very  light  coloration  was  secured  at  exposures 
of  100  r  to  500  r.  V.ith  direct  comparison  it  would  have  been  very  difficult 
to  detemine  the  gradations  of  exposure.  The  lightness  of  color  has  since 
been  determined  to  have  been  due  to  the  rapid  fading  that  takes  place  with¬ 
in  the  first  fow  hours  after  coloration.  Y.’ith  the  radium  source  it  was  not 
practicable  to  secure  a  rate  of  uniform  exposure  of  much  greater  than  20  r 
per  hour.  The  Vycor  glass  dosimeters  were  individually  calibrated  by  ex¬ 
posure  to  known  quantities  of  x-rays  at  the  haval  ledical  research  Institute. 
Their  coloration  is  determined  with  an  accuracy  of  1%  by  photoelectric 
means. 


Although  it  was  not  possible  to  secure  a  satisfactory  calibration 
it  was  desired  to  test  the  crystals  for  uniformity  and  reproduceability 
against  the  mixture  of  gamma  rays  and  neutrons  produced  by  the  bomb.  On 
test  X-ray  one  of  each  of  the  several  types  was  mounted  at  1400  yards  and 
at  SCO  yards  from  point  zero  to  obtain  a  check  on  their  reaction.  The 
crystals,  except  lor  the  lithium  fluoride,  appeared  to  be  saturated  in 
color  at  closer  distance  and  to  have  just  begun  to  show  coloration  at 
the  1400  yard  station.  The  crystals  were  recovered  and  examined  at  about 
plus  thirty-six  hours,  at  the  second  test  the  crystals  were  exposed  and 
a  large  number  recovered  at  about  plus  eight  hours.  It  was  desired  to  ob¬ 
tain  a  permanent  record  of  their  color  changes  so  an  attempt  was  made  to 
photograph  them  in  color.  During  the  short  interval  of  several  minutes 
tint  was  required  to  arrange  them  in  the  sunlight  many  faded  completely, 
lb  was  therefore  decided  to  bleach  all  the  remaining  crystals  out  by  pro¬ 
longed  exposure  to  sunlight  and  re-expose  them  on  the  third  test,  after 
recovery,  accomplished  at  about  eight  hours,  they  w era  briefly  examined 
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and  compared  visually  then  sealed  in  their  tubes  for  return  to  the  Naval 
Research  Laboratory  and  precise  examination.* 

The  Vycor  glass  and  activated  crystals  were  returned  to  the 
Naval  L'edical  Research  Institute  for  reading  of  the  do  .age  received. 

Visible  color  changes  were  noted.* 

Table  1  lists  the  distances  at  wnicn  crystals  were  exposed  in 
Test  X-ray  and  Yoke  and  recovered  with  a  description  of  the  oolor  change. 

In  Table  2  the  location  for  the  Test  Zebra  samples  are  listed. 

V  CONCLUSIONS  AND  RICCMICNDaTICNS 

artificial  crystals  offer  a  prociising  method  of  determining  de¬ 
grees  of  exposure  with  what  should  be  a  fair  degree  of  accuracy.  Although 
the  results  indicated  in  Table  1  are  shown  roughly,  within  each  category  of 
color  intensify  a  gradation  could  be  discerned  and  the  grouping  was  purely 
arbitrary.  lien  several  crystals  of  the  same  material  were  exposed  at  the 
same  distance  no  visible  color  difference  was  noted.  At  the  tines  of  re¬ 
covery  sodium  chlcride  appeared  to  be  the  most  sensitive  and  lithium  fluor¬ 
ide  the  least.  Lithium  flcuride  seemed  to  attain  the  most  L  trranent  cvloi , 
thu  remaining  crystals  fading  completely  in  a  few  minutes  upon  exposure  to 
suni j  ght . 

Continued  investigation  at  the  Naval  Research  Laboratory  ha.:  im¬ 
proved  the  sensitivity  and  permanency  of  several  of  the  crystals  employ. id 
on  these  tests  and  they  will  be  reported  upon  in  the  near  future,  ’.hen 
these  are  developed  to  a  practicable  stage  they  shouli  be  tested  in  tht 
field  in  a  systeintic  manner. 

•*  V.'hen  analysis  of  the  results  are  obtained  a  sui  ,-leuentary  report” will 
be  submitted. 


The  following  recommendations  are  made:  (a)  The  sensitivity  of 
the  crystals  should  be  increased  so  that  the  one  half  maximum  color  density 
exposure  should  occur  at  about  the  beginning  of  the  lethal  range,  (b)  The 
crystals  should  be  coated  with  a  clear  plastic  to  prevent  sensitivity  to 
moisture,  (c)  Calibration  of  the  crystals  to  last  and  slow  neutrons  should 
be  accomplished,  (d)  At  future  tests  only  the  most  promising  types  of 
crystals  upon  which  complete  calibrations  are  furnished  should  be  exposed, 
(e)  The  degree  of  color  permanence  should  be  as  great  as  practicable  to 
achieve,  (f)  The  crystal  should  be  highly  polished  to  obtain  the  best 
optical  surface  possible  with  the  material  used. 


Material  and 
Characteristic  color 


Color 

Intensity 


Yellow  Y-600,  Y-700 
Y-500 

Y-10G0,  Y-900 
.(-800 

Y-llJO,  Y-125' 


medium 


5,000-15,000 


1,000-3 /-XX) 


none  visible  800 

very  deep  3,000- 


;-8G0,  Y-900,  Y-1000  very  deep 
-1100,  Y-1250  deep 

-1250,  Y-1300  medium 
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Distance  (Yds) 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 


TABLE  2 


.ME. 

4 

4 

2 

2 

2 

1 


Number  and  Material 
NaCl  _ KBr 


1 

1  1 

2  1 

2  1 

2  1 

2  '  1 

2  1 

2 
2 


KC1 


1 

1 

1 

1 

1 

1 

1 

1 


The  remainder  of  the  crystals  were  not  recovered  or  were  damaged 
on  previous  tests.  Coloration  charts  and  color  decay  curves  will  be  for¬ 
warded  in  a  supplementary  report. 
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REPORT  ON  NAVY  RADIAC  METERS 
Introductory  Remarks  — 

The  Navy  Models  AN/PDR~1(X»-1),  AN/PDR-8  (X)  and  AN/PDR-ll(X) 
Radiac  Sets  represent  the  first  of  their  class  to  be  designed  by  cr  for 
a  branch  of  the  military  service  far  radiological  survey  purposes  in  the 
field.  As  sue h |  each  has  embodied  some  radical  departures  from  similar 
instruments  which  were  designed  purely  for  commercial  or  research  work  in 
the  laboratory. 

Parts  I  through  VI  of  this  report  consist  of  all  technical  data 

obtained  to  date  on  subject  meters  as  well  as  the  general  concensus  of 

opinion  on  same  by  personnel  who  have  had  the  opportunity  to  use  or  observe 

one  or  more  of  the  original  experimental  models  shipped  far  test  and 

evaluation  purposes  to  Project  Sandstone. 

***************#***#***#*###*######### 

*  *  #  * 
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Part  I  Model  PDR^l  Portable  Beta^Gamna  Survey  Meter 

1.  Case  and  Physical  features 

2.  Probe  and  probe  housing 

3.  Indicator 

!a)  Microammeter 
b)  Audio  output  and  headphones 

4.  Electrometer  circuit 

(a)  Fundamental  circuit  features 

(b)  Electrometer  tubes 

(c)  Metering  circuits 

(d)  Components  and  controls 

5.  CU  Tubes 

(a)  High  sensitivity,  type  BS- 
(b)  Lew  sensitivity.  Type  6C- 


Index  (Continued) 

6.  Power  Supply 

(a)  RF  oscillator  circuit 

(b)  Filter  network 

(c)  Components;  accessibility  o f 

(d)  VR  tube,  corona  discharge  type 

(e)  Batteries 

7.  Calibration  procedure  and  curves 

8.  Field  test  results  and  conclusions 

9.  Inclosures  -  Charts,  Calibration  Curves,  Plateau  Curves 
Part  11-Uodel  PDIU1  -  Suggestions  and  recoonendationa  for  improvement  of 

1.  Case 

2.  Probe 

3.  Indicator 

U.  Electrometer  and  metering  circuit 

5.  G.M.  tubes 

6.  Pcwer  supply 

Part  III  -  Model  PDR-8;  Portable  Beta-Ganma  Survey  Meter 

1.  Case,  probe.  Indicator,  (31  tubes  and  7R  tube  subject  to 
sane  remarks  as  for  Model  PDR-1 

2.  Pulse  and  metering  circuits 

(a)  Fundamental  circuit 

(b)  Tubes 

(c)  Multivibrator  and  metering  circuit 

(d)  Components  and  controls 

3.  Pcner  Supply 

(a)  Vibrator 

(b)  Filter 

(c)  Components  and  accessibility  of 

(d)  Batteries 

4*  Calibration  and  proeeduree  and  curves 
5.  Field  tests  -  None  to  date 

Part  IV  -  Model  PDR-8;  Suggestions  and  rec emendations  for  Improvement  of 

1.  Case,  probe,  indicator,  CM  tubes,  power  supply  and  VR  tube 
subject  to  same  remarks  as  for  Model  PDR-1* 
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Index  (Continued) 

2.  Multivibrator  and  metering  circuits 
Part  T  -  Model  PDR-11  Portable  Alpha  Survey  Meter 
1*  Case  and  physical  features 

2.  Probe 

3.  Indicator 

4.  Electronic  circuit 

5.  Photomultiplier  tubes 

6.  Power  supply 

7.  Calibration  -  None 

Part  71  -  Model  PI®- 11;  Suggestions  and  recoonend&tions  for  improvement  of 
L.  General  remarks 


REPORT  ON  NAVY  RADIAC  METERS 


PART  I  -  Model  AN/PDR-l(XN-l) 

1.  (a)  Case  and  physical  features.  The  carrying  case  and  weight  of 

subject  meter  head  the  list  of  undesirable  features.  The  shape  of  the  case 
alone  invites  criticism  even  from  the  casual  observer.  Prom  the  standpoint 
of  portability  the  case  is  strictly  out  of  proportion,  bulky  and  poorly 
balanced.  The  latter  defect  is  due  primarily  to  the  location  of  the  shoulder 
strap. 

(b)  A  comparison  of  the  weight  of  subject  meter  with  that  of 
several  similar  coranerclal  models  indicates  a  negligible  difference  in  the 
actual  weights,  yet  the  former  has  the  effect  of  being  several  pounds  heavier 
after  a  relatively  short  time  of  use  in  the  field  or  in  a  vessel.  On  board, 
it  is  noted  that  to  carry  subject  meter  in  relatively  close  places  such  as  on 
ladders  or  in  passageways  results  in  considerable  shocks  and  jars  both  to  the 
man  who  carries  same  and  to  the  meter  itself.  To  tr&neit  a  ladder  or  an 
escape  hatch  is  equivalent  to  blocking  either  off  during  the  time  of  such 
transit. 

(c)  In  addition  to  the  major  defect  noted,  several  minor  defecta 
are  mentioned  for  future  references 

(1)  End  plate  screw  holes  do  not  coincide  with  the  tapped 
holes  of  the  case  proper.  Y/hile  it  is  realized  that  a  different  method  of 
securing  these  plates  is  contemplated,  it  seems  inexcusable  for  a  reputable 
manufacturer  to  allow  this  condition  to  exist  even  in  a  prototype  model. 

(2)  The  center  screw  and  its  nut  which  holds  the  battery 
compartment  terminal  board  in  place  both  require  grinding  off  to  allow  for 
installation  of  the  Eve ready  No.  412  battery. 
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PART  I  Section  1  Continual: 

(3)  The  combination  clamping  and  contact  making  acre*  which 
holds  the  Eveready  412  battery  in  place  requires  the  use  of  a  pair  of  needle 
nose  pliere  to  tighten.  Not  even  an  off-set  screw  driver  will  suffice  to 
turn  this  screw. 

(4)  Tbs  shoulder  strap  location  causes  the  bottom  of  the  meter 
to  project  from  the  users  body  by  approximately  15  degrees,  thus  increasing 
the  space  requirement  in  transit  as  well  as  throwing  the  entire  meter  off 
balance. 

2.  (a)  Probe  and  probe  housing.  Both  the  dimensions  and  the  weight 

are  prohibitive. 

(b)  Method  of  insuring  watertight  integrity  are  inadequate. 

(c)  Screw  threads  strip  easily  in  the  mlcarta  piece  which  supports 
the  outer  end  of  the  go.  tube  mounting  and  terminal  board  assembly.  This  is 
a  contributing  factor  in  the  lack  of  watertight  integrity. 

(d)  Full  360  degree  rotation  of  the  beta  shutter  likely  to  lead 
inadvertently  to  leaving  the  apertures  open. 

(e)  The  necessity  for  the  aperture  at  the  end  of  the  low  sensitivity 
g*  tube  is  not  apparent  in  actual  use.  It  will  be  noted  that  this  tube  has 

no  mica  window  and  is  not  sensitive  to  beta  particles  due  to  the  thick  glass 
envelope;  it  is  mounted  in  the  opposite  end  of  the  probe  housing  which 
increases  the  distance  from  the  aperture  by  approximately  &  cm;  and  finally 
the  axis  of  the  tube  is  perpendicular  to  the  plane  of  the  aperture.  As  a 
consequence  no  beta  particles  have  been  detected  by  this  tube  to  date. 

(f)  The  probe  housing  and  cable  Invite  adverse  concent  from  all  who 
have  observed  same.  The  entire  arrangement  is  awkward  and  impracticable  for 
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PART  I  Section  2  Continued: 

efficient  handling  of  the  probe.  With  the  probe  unhoused  and  the  cable 
extended  through  the  hole  in  the  lower  end  of  the  cover,  the  meter  will 
not  seat  squarely  if  it  Is  desired  to  seat  earns  down  during  a  localised 
surrey. 

3.  (a)  The  microasmeter  indicator  with  the  range  dial  shift 

mechanism  has  received  favorable  ccesaent  from  all  sources.  A  direct 
reading  indicator  dial  Is  highly  desirable,  however,  on  the  basis  of 
assigning  a  time  limit  to  personnel  on  a  given  mission,  it  is  preferred 
that  the  calibration  be  in  terms  of  mr/hr  rather  than  the  existing  r/ 24  hr. 
rating.  The  method  of  accomplishing  range  shift  in  this  case  is  quite 
practical  with  the  two  exceptions  noted  in  the  following: 

(1)  The  open  slots  in  the  side  of  the  indicator  case  allow 
for  entrance  of  iron  filings  and  other  forme  of  foreign  natter  which  may 
cause  sticking  of  the  pointer.  It  is  noted  that  each  of  the  meters  has 
required  the  disassembly  of  the  indicator  and  its  mechanism  for  removal  of 
iron  filings.  Not  all  of  same  have  been  adequately  removed. 

(2)  Insulation  on  rear  of  the  range  dial  plates  is  not 
adequate.  This  results  in  contact  of  the  dial  plate  with  the  magnet  of  the 
indicator  with  consequent  shorting  of  the  plate  supply  voltage  and  violent 
overthrow  of  the  pointer. 

(b)  Headphones.  Too  heavy  and  lacking  in  sensitivity  for  this 
application. 

4*  (a)  Electrometer  Circuit.  Reference  circuit  schematic.  Pig.  1. 

The  circuit  employed  in  subject  meter  is  a  conventional  balanced  direct 
current  amplifier.  This  type  of  circuit  is  conmonly  used  where  the  input 
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PART  I  Section  U  Continued: 

▼oltar«*  and  current  are  of  metremely  small  value  such  that  RC  or  impedance 
coupling  cannot  ba  used  and  wherein  direct  coupling  of  the  input  to  the 
flrai  grid  is  required  aa  in  the  Zeue  and  similar  ioniaation  chamber  type 
instruments.  Although  the  cirouit  appears  to  be  a  simple,  atraight  forward 
amplifier,  it  la  noted  that  any  fora  of  direct  current  anp  lifter  is  subjeot 
to  inherent  disadvantages  not  encountered  In  other  types.  tm«  ±a 
particularly  true  with  regard  to  its  instability  and  tendency  to  drift  due 
to  leakage  and  to  the  use  of  tubes  which  do  not  have  similar  characteristics. 
Considerably  more  ears  must  be  taken  in  the  original  manufacture  and  in 
eubaequent  maintenance  work  to  assure  proper  operation.  Highest  Quality 
components  are  required  and  the  interior  of  the  meter  must  be  maintained 
absolutely  moisture  free  at  all  times  if  instability  and  drift  are  to  be 
prevented. 

(b)  All  that  has  been  said  of  this  cirouit  has  been  confined  on 
each  of  the  15  meters  shipped  for  this  operation.  Drift  and  instability  were 
apparent  frcm  the  very  beginning.  Investigation  revealed  that  the  cause  of 
both  was  due  to  poor  insulation  and  poor  cosiponenta  in  the  grid  circuit  of 
the  input  tube.  Practically  all  insulation  material  used  in  the  grid  circuit 
proved  to  be  defective  with  the  reelstance  varying  from  100  megrims  to  aa 
low  aa  20  megohms.  It  can  be  demonstrated  that  the  resistance  of  this 
circuit  to  ground  and  to  other  potentials  must  be  of  the  order  of  109  or 
Mgher,  depending  on  the  input  resistance,  if  leakage  is  to  be  eliminated 
for  practical  purposes.  In  praetics,  the  insulating  material  of  the  input 
grid  circuit  must  have  a  resistance  at  least  100  times  greater  than  that  of 
the  input  circuit  to  insure  that  at  laast  995*  of  the  input  current  flows 
through  the  grid  resistor.  Any  appreciable  current  which  flows  through  a 
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PART  I  Section  4  Continued: 

lttlagt  path  will  decrease  ths  sensitivity  of  the  circuit  as  wall  as  change 
the  calibration. 

(e)  The  following  material  and  components  wore  fouiyd  to  be 
defective  for  thin  application: 

(1)  AH  aiearta  or  composition  terminal  boards. 

(2) ;  The  fiber  insulation  bushings  on  the  Jacks  between  the 
battery  compartment  and  the  chassis  enpartment. 

(3)  All  calibration  (Grid  circuit  H)  potentiometers.  The 
potentiometers  are  of  very  poor  quality  even  if  we  neglect  the  leakage 
factor. 

(d)  In  addition  to  the  foregoing,  an  apparent  saturation  effect 
has  been  noted  above  the  mi&»seale  point  of  the  0-10  scale!  It  is  possible 
that  leakage  is  also  causing  this  effect  since  it  is  possible  to  effect  an 
improvement  by  thorough  drying  of  the  unit  prior  to  use.  Additional  tests 
will  be  made  to  determine  the  source  of  trouble. 

(e)  The  metering  portion  of  the  circuit  is  not  entirely  satisfactory. 
The  EC  time  constant  of  1  second  in  this  circuit  permits  fluctuations  on  the 
order  of  30$  to  50$  of  full  scale  on  the  most  sensitive  range  at  or  near  back¬ 
ground  counting  rate. 

5.  Cat  Tubes  -  Reference  Charts  1  to  17  inclusive. 

(a)  The  type  BS,  high  sensitivity,  mica  window  gm  tube  is  considered 
to  be  physically  superior  to  the  average  of  this  class.  For  field  use  the 
more  rugged  construction  of  the  type  BS  tube  is  preferred  over  the  more 
conventional  thin-walled  glass  tubes  presently  used  in  the  cosmereial  models. 
Reference  to  Chart  16  reveals  that  three  of  the  BS  tubes  have  been  broken  in 
handling;  two  had  the  mica  window  ruptured  in  same  manner,  possibly  by  thumb 


or  flagsr;  on*  was  broken  by  applying  excessive  pressure  on  the  6-32  screw 
on  installation.  The  end  mica  window  constitutes  the  weakest  point  in  this 
tube  from  a  physical  standpoint.  The  value  of  the  mica  window  for  ordinary 
field  survey  work  is  subject  to  question  in  view  of  experience  gained  on  the 
present  project.  Per  localized  survey  wort  such  as  in  close  places  in  a  ship 
or  plane  or  for  point  source  determination  such  is  undoubtedly  required. 
However,  as  noted  in  Section  2,  the  present  method  of  mounting  the  tube  will 
not  permit  efficient  use  of  the  window. 

(b)  Reference  to  Charts  1  to  16  Inclusive  reveals  that  the  plateau 
on  subject  tubes  is  on  the  average  quite  poor.  A  slope  of  40 %  per  100  volts 
is  noted  on  two  in  particular  while  none  have  a  slope  of  loss  than  1 0& 

(c)  Reference  to  Chart  17  reveals  that  the  voltage  developed 

on  the  center  electrode  of  subject  tubes  is  on  the  average  considerably 
higher  than  on  several  conventional  ccmaercial  type  tubes.  The  voltage 
noted  on  several  in  particular  was  unbelievably  high  and  a  close  recheck  was 
made  to  confirm  same.  As  a  means  of  further  confirmir^  fcM*  fact,  the 
current  was  measured  simultanuously  in  the  circuit  shewn  in  Figure  2.  In 
all  cases  the  sample  used  to  excite  the  tube  was  placed  equidistant  from  the 
tube  under  test. 

(d)  TJrpe  6C,  low  sensitivity  CM  tube.  Reference  to  Chart  16 
indicates  the  disposition  of  subject  tubes  from  a  physical  standpoint.  This 
tubs  is  characterised  by  its  relatively  small  diameter  and  in  particular  by 
the  relatively  email  cathode  of  sensitive  area.  It  is  also  noted  that  the 
possibility  of  obtaining  a  very  rugged  tube  in  this  type  offers  much  hope  for 
its  adoption  in  field  type  instruments.  As  noted  on  the  chart,  however,  at 
least  two  of  the  tubes  were  cracked  in  normal  handling  of  the  maters  in  which 
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PART  I  Section  5  Continued* 

each  was  located.  It  Is  assumed  that  improper  annealing  is  the  cause  of 
this  trouble  since  none  of  the  tubes  were  dropped  or  otherwise  subjected  to 
undue  shock. 

(e)  Several  of  the  type  6C  tubes  were  too  long  to  fit  the  clip 
holder  on  the  mounting  board  assembly  in  the  probe  housing.  This  necessitated 
alteration  of  the  location  of  the  clip.  It  is  assumed  that  future  production 
of  this  tube  contemplates  the  sealing  off  of  same  at  a  point  near  the  cathode 
similar  to  the  two  which  were  received  with  two  respective  meters. 

(f)  Attention  is  invited  to  the  apparent  electrical  effect  created 
by  the  extended  insensitive  end  of  this  tube  in  the  following  and  on  the 
plateau  curve  sheets.  The  latter  will  also  reveal  that  practically  none  of 
the  6C  tubes  had  what  might  be  tensed  a  plateau  an  the  Initial  count  versus 
anode  voltage  checks.  Instead  the  counts  increase  on  a  relatively  straight 
line  with  an  increase  of  voltage.  In  no  case  is  there  a  plateau  in  excess 

of  50  volts.  In  some  cases  a  state  of  almost  continuous  discharge  is  reached 
at  or  near  the  operating  potential  as  fixed  by  the  VR  tube  in  the  circuit. 

(g)  Of  particular  interest  is  the  apparent  change  in  counting  rate 
of  the  type  6C  tube  after  a  few  minutes  of  operation.  This  increase  was 
noted  only  at  or  near  the  threshold  voltage  point,  the  latter  of  which  did 
not  change  with  repeated  rechecks.  This  characteristic  did  not  become 
apparent  in  time  to  check  a  greater  number  of  the  tubes  for  more  conclusive 
confirmation;  however,  fair  were  noted  particularly.  Two  of  these  were 
stabilized  in  normal  counting  and  during  the  rechecking  as  indicated  on  their 
respective  curves.  It  was  recalled  that  the  halogen  gases  do  not  mix  as 
readily  as  other  more  c car. only  used  gas os,  therefore  it  was  assumed  that  such 
was  the  case  here  particularly  in  the  "dead"  or  insensitive  end  of  the  tube. 
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PART  I  Section  5  Continued t 

Also  the  type  BS  tube,  with  practically  its  entire  volume  comprising  the 
sensitive  area,  did  not  exhibit  this  characteristic.  Working  on  this 
assumption,  two  of  the  tubes  were  subjected  Initially  to  a  f  las  hover  voltage 
of  approximately  100  volts  in  excess  of  their  normal  operating  potential  for 
a  period  of  ten  seconds.  Repeated  checks  of  the  count  rate  at  the  threshold 
voltage  were  made  thereafter  with  no  change  oc curing  at  ary  point. 

(h)  In  the  course  of  investigating  the  saturation  effect  previously 
referenced,  one  of  the  type  6 C  tubes  flashed  over  in  a  field  of  relative 
high  Intensity  (within  1  meter  of  the  250  mg  Ra  source).  The  tube  was 
renewed  from  the  meter  and  tested  on  the  bench  with  various  potentials 
applied.  It  continued  to  discharge  continuously  even  with  the  voltage 
reduced  to  a  value  200  volts  lees  than  the  normal  threshold  potential.  It 
was  assumed  that  the  halogen  quenching  gas  had  been  absorbed  by  the  electrodes; 
consequently  the  tube  would  continue  in  a  state  of  discharge  as  lorg  as  the 
voltage  was  applied. 

(1)  Reference  to  Chart  17  also  indicates  that  the  current  drawn  by 
the  typee  BS  and  6C  tubes  is  considerably  higher  than  that  of  other  types  of 
tubes.  It  is  noted  that  the  indications  for  the  6C  type  show  only  tint 
current  drawn  at  the  same  intensity  of  guana  radiation  as  was  used  with  the 
more  sensitive  type  BS  tube  and  the  eonmerclal  types.  With  higher 
lntensitlee  the  6C  tube  draws  currant,  which  suggests  an  answer  to  the 
trouble  experienced  with  the  VR  tubes  as  detailed  in  Section  6.  This  can 

be  said  also  of  at  least  one  of  the  BS  tubes.  It  is  also  noted  that  the  type 

» 

6C  tube  can  be  direct  connected  to  a  micron  neuter  of  20/uA  fundamental 
sensitivity  rating  and  made  to  indicate  gamna  ray  intensities  on  the  order 
of  2  to  40  r/24hr.  The  exposure  figures  have  not  been  fully  confirmed,  nor 
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PART  I  Section  5  Continued: 

has  the  linearity  of  the  indications;  however,  it  is  suggested  that  the 
possibility  of  de-  eloping  a  detector  based  on  this  idea  warrants  consideration. 
It  is  realized  that  to  do  so  the  tubes  themselves  would  have  to  be  standard¬ 
ised  to  a  closer  degree  than  new  exists. 

(J)  With  reference  to  the  voltage  characteristics  of  the  6C  and  BS 
GU  tubes,  the  relatively  high  pulses  developed  on  the  central  electrode  can 
only  be  explained  in  terms  of  a  much  higher  distributed  capacity  of  the 
electrode.  It  is  noted  that  this  electrode  is  considerably  larger  than  that 
normally  used  in  the  conventional  type  tubes.  The  size  of  the  voltage  pulse 
appearing  on  the  central  electrode  1s  determined  by  the  distributed  capacity 
of  the  center  wire  and  anything  connected  electrically  with  it  as  well  as 
to  the  number  of  charges  arriving  thereon. 

(k)  It  is  noted  that  all  of  the  type  6C  tubes  have  a  higher  count¬ 
ing  efficiency  than  would  normally  be  expected  considering  the  projected  croes- 
sectional  area  of  the  sensitive  portion  of  this  tube  as  compared  to  that  of 
the  type  BS  tube.  This  condition  results  in  a  counting  rate  which  is  not 
proportional  to  that  of  the  type  BS  tube.  A  limited  amount  of  condensation 
for  this  condition  was  effected  in  the  PDR-8  by  changing  the  sensitivity  of 
the  high  intensity  circuit. 

6.  Power  Supply. 

(a)  The  RF  power  supply  operation  is  satisfactory  for  normal  use. 

Some  RF  voltage  is  introduced  into  the  electrometer  circuit  when  the  chassis 
is  removed  from  the  case  and  the  battery  extension  leads  are  not  properly 
placed.  This  leads  to  a  pereeptable  amount  of  drift  in  the  indications  of 
the  microanmeter  indicator  which  can  be  the  cause  of  unnecessary  work  unless 
the  trouble  is  recognized.  No  trouble  has  been  experienced  in  this  connection 
with  the  chassis  in  the  case  in  a  normal  operating  condition. 
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(b)  No  appreciable  ripple  voltage  ia  apparent  in  the  out-put  of 
the  filter  network, 

(o)  All  component a  appear  to  be  satisfactory  for  this  application 
and  they  are  reasonably  accessible  for  replacement  or  teat  purposes. 

(d)  VB  tube,  corona  discharge  type.  Considerable  difficulty  has 
been  experienced  with  several  of  these  tubes.  As  indicated  on  chart  16  at 
least  two  have  failed  while  one  was  inoperative  upon  receipt.  The  latter 
did  not  show  any  indication  of  taking  over  control  at  potentials  well  below 
and  above  the  normal  regulating  point.  It  is  also  noted  that  several  have 
experienced  a  decrease  in  the  value  of  the  control  voltage  to  a  point 

be lew  the  threshold  voltage  of  the  (31  tubes.  One  in  particular  has  decreased 
fran  its  former  rating  of  640  volts  to  a  value  of  only  590  volts.  This 
placed  the  regulating  point  below  the  (31  tubes  with  which  it  was  used. 

(e)  It  is  recalled  that  mention  was  made  at  NRL  of  the  apparent 
change  in  frequency  characteristic  of  the  RF  power  supply  with  a  resultant 
change  of  voltage.  This  condition  has  not  been  confirmed  in  a  single  case 
and  it  is  submitted  that  the  change  in  the  output  voltage  of  the  power 
supply  Is  due  to  the  erratic  characteristics  of  the  VR  tube.  As  suggested 
in  Section  5  (i)  it  is  possible  that  the  current  used  by  the  31  tubes  is 
excessive  for  the  VR  tube.  No  information  is  available  at  present  on  the 
current  rating  of  the  corona  discharge  type  of  VR  tube.  However,  this  may 
find  confirmation  in  the  fact  that  the  only  VR  tubes  which  have  failed 
while  in  use  are  those  which  have  been  used  with  meters  exposed  to 
relatively  high  intensity  radiations  while  checking  the  latter  on  the  0-1D 
r  scale. 


PART  I  Section  6  Continued: 

(f)  Batteries  -  Reference  Chart  18.  All  batteries  are  satisfactory 
far  the  supplication,  however,  the  method  of  securing  same  In  the  battery 
compartment  Is  inadequate. 

7.  (a)  Calibration  Procedure.  One  only  of  the  original  (15)  units  has 

been  calibrated  frith  any  degree  of  success.  This  one  was  overhauled  to 
eliminate  the  leakage  referenced  in  Section  4*  This  was  accomplished  by  boiling 
all  of  the  fiber  insulators  in  bees  wax;  replacing  the  miearta  terminal  boards 
with  lucite  boards;  isolating  the  anode  connection  of  the  type  6C  CM  tube 
from  the  terminal  board  in  the  probe  and  finally  by  replacing  all  four  of  the 
calibration  potentiometers  with  Allen  &  Bradley  or  equivalent.  This  eliminated 
leakage  barring  the  entrance  of  moisture  which  was  periodically  dried  out 
prior  to  a  calibration  check. 

(b)  It  was  not  considered  practicable  to  treat  additional  units  in 
the  preceding  manner  due  to  the  fact  the  potentiometers  required  were  not 
available  except  from  tbe  spares  for  other  meters. 

(c)  Calibration  was  effected  by  using  two  standard  Ra  sources, 

43.7  mg  and  231.7  mg  respectively  at  distances  of  20  meters  to  0.5  meter. 

As  noted  on  the  calibration  Chart  19-22  saturation  waa  indicated  on  the 
upper  portion  of  the  0  to  10  r/24  hour  range  at  distance  of  1  meter  and 
closer.  Continued  investigation  is  be.'ng  conducted  to  determine  more 
accurately  the  exact  cause  of  seme. 

3.  (a)  Field  test  results.  The  one  unit  in  operating  condition  was 

field  tested  with  three  similar  c corner cial  models  namely,  the  Vletcreen 
Model  247A,  the  Zeus  and  Beckman's  Model  U&-6.  Since  the  respective  ranges 
of  the  three  meters  do  not  coincide  over  a  very  wide  range  it  was  not 
possible  to  obtain  more  than  approximately  six  readings  that  could  be 
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PART  I  Section  8  Continued : 

compared.  The  results  indicated  the  PDB-1  to  be  within  approximately  1D$ 
of  the  readings  of  the  other  meters. 

(b)  No  trouble  of  any  kind  was  experienced  with  the  model  FOB-1 
on  this  initial  field  test.  There  was  practically  no  sero  drift  after  the 
initial  warmup  period  of  about  fire  minutes  which  is  quite  normal  for  this 
type  of  circuit.  Since  this  le  the  only  operating  unit,  it  was  deemed 
advisable,  to  prevent  the  possibility  of  eontsmlimtion  as  nuch  as  possible. 
Consequently  the  entire  unit  was  kept  inclosed  in  cm  of  the  plastic  covers 
provided  for  one  of  the  commercial  type  meters.  Zt  is  noted  tJmt  two  of 


the  plastic  carrying  straps  were  used  by  two  of  the  party  as  belts  with  the 
intention  of  cheeking  for  possible  contamination  of  same.  None  was  observed) 
however,  additional  tests  of  this  nature  will  be  made  during  future  field 
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REPORT  OH  MATT  RADIAC  METERS 

PAST  II  Modsl  Pgl-l(XK-l)  Suggestions  and  ReccsBisndaticrs  for  Isipt  w—nt  of. 

1*  (s)  Cass  -  On  the  basis  of  tbs  objections  noted  in  Part  I  Section  1 

and  in  vise  of  experiences  gained  on  the  current  project,  it  is  rec amended 
that  the  entire  ease  be  redesigned.  The  revised  design  to  include  revision 
of  the  probe  and  peeer  supply  as  noted  in  their  respective  sections.  The 
latter  will  aaks  it  possible  to  reduce  the  over  all  dimensions  by  at  least 
2$£  while  the  probe  revision  will  result  in  an  additional  ID %  reduction.  The 
wwlgit  will  be  reduced  25  to  300  and  an  ieprovenent  will  be  gained  in  a 
better  balanced  meter. 

(b)  Figures  -  3  to  8  *.  licate  (2)  suggested  revisions. 

2.  (a)  Probe  -  No  effort  will  be  made  to  revise  the  existing  probe 

as  such.  The  necessity  for  replacing  the  typo  6C  tube  in  the  probe  is 
seriously  questioned  in  vise  of  the  fact  it  is  not  sensitive  to  beta  particles 
and  will  da  toot  gaimrn  rays  of  relatively  high  intone  -ty  only.  It  is  recoonended 
that  the  type  6C  tube  be  mounted  permanently  on  the  chassis  of  the  electronic 
unit.  This  will  have  the  added  advantage  of  eliminating  the  three  conductor 
osbls  presently  used  with  the  probe  and  making  possible  the  use  of  a  much  lighter 
and  smallsr  two  conductor  sable  or  a  single  conductor  with  a  grounded  shield. 

(b)  Since  tbs  type  BSy  mica  window  GU  tube  Is  of  relatively  rugged 
construction,  it  is  considered  that  a  probe  for  cams  can  be  reasonably  light 
and  certainly  net  as  large  as  the  existing  probe.  It  seems  that  this  tube 
is  or  can  be  mo re  readily  adapted  to  e  stream  lined  housing  than  asms  of 
ths  sort  camoo- types.  Tha  provision  .or  using  a  6-32  screw  in  the  oonneet- 
ing  end  to  ths  central  slsatrode  suggests  ths  possibility  of  serening  a 
standard  type  banana  plug  therein  ae  tha.  the  unit  nay  then  be  plugged 
into  the  probe  housing.  This  would  asks  it  posslbls  to  have  a  eonplstaly 
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PART  II  Section  2  Continued: 

inclfi*«l  probe  with  the  rear  end  well  sealed  against  water  and  moisture  and 
the  exposed  end  with  a  screw-on  type  of  combination  cap  and  beta  shutter. 

(e)  It  Is  further  reccnmended  that  the  entire  subject  of  probes 
be  more  thoroughly  reviwed  before  additional  radlac  meters  for  general  use 
in  the  field  are  designed. 

3.  (a)  Indicator  —  Microaoneter  —  Provide  suitable  means  for  sealing 

of  the  slots  in  the  side.  A  suggested  method  is  the  use  of  felt  or  similar 
material  to  be  cemented  on  both  sides  of  the  slots  so  that  foreign  material 
will  be  effectively  filtered  out.  This  is  the  more  important  in  view  of  the 
relatively  strong  magnets  used  in  the  fflestinghouse  microaometer.  It  cannot 
be  too  strongly  urged  that  soma  means  for  preventing  the  entrance  of  iron 
filings  be  provided  if  this  arrangement  of  scale  shifting  is  retained. 

(b)  The  question  of  headphones  is  subject  to  additional  review. 

Where  urgency  demands  a  quicker  method  of  determining  the  existence  of  high 
intensity  fields  of  radiation  and  when  it  is  not  necessary  to  a 
quantative  analysis  of  this  field,  the  use  of  headphones  or  audible  signals 
seems  adequate.  At  the  same  time  it  hardly  seems  necessary  to  have  both 
visual  and  audible  signals,  particularly  when  the  latter  generally  entails 
the  use  of  separate  headphones.  In  view  of  the  development  currently  in  progress 
on  several  types  of  audio  meters  which  can  be  very  easily  carried  in  the 
poeket  of  the  user,  it  is  suggested  that  headphones  be  emitted  from  future 
models  of  meters  designed  far  general  field  survey  use. 

4*  (a)  Electrometer  and  Metering  Circuit  -  The  inherent  difficulties 

enoonntered  in  the  d.c.  type  amplifier  should  serve  to  discourage  its  use 
where  input  pulses  of  sufficient  magnitudes  are  available  for  exciting  the 
input  grid  of  a  conventional  RC  coupled  type.  It  is  noted  that  the  pulses 


PART  H  Section  U  Continued: 

from  the  type  of  (11  tubes  used  in  the  PDft-1  are  far  above  average.  In  fact 
the  value  of  the  voltage  pulses  from  the  halogen  tubes  suggests  the  use  of 
a  single  tube  amplifier  for  the  more  sensitive  ranges  while  the  amount  of 
current  drawn  by  these  tubes  suggests  the  use  of  a  direct-coupled  micro* 
anmeter  for  the  higher  intensities.  In  any  event,  it  is  certain  that  a  more 
rugged  type  of  meter  will  result  from  the  use  of  the  halogi  *  -ubes  ir  lew 
of  the  possibilities  of  using  a  less  sensitive  indicating  meter  such  as  a 
0-1  HA  movement  with  a  conventional  type  of  amplifier  circuit  to  drive  same. 

(b)  If  it  is  desired  to  combine  the  use  of  a  GU  tube  and  an 
ionisation  chamber  in  a  single  survey  meter,  then  it  is  suggested  that  the 
d.c.  type  of  circuit  be  retained.  Otherwise  it  is  strongly  rec amended  that 
the  circuit  presently  used  in  the  FOR-l  be  replaced  in  the  future  production 


models. 

5.  (a)  (U  Tubes  -  In  the  absence  of  qualifications  on  the  subject, 
no  effort  is  made  herein  to  suggest  methods  for  the  improvement  of  subject 
tubes.  It  is  submitted,  however,  that  considerable  improvement  of  both  types 
is  required  to  effect  standardisation  to  the  point  where  reliable  replacements 
can  be  stocked  for  general  issue. 

6.  (a)  Power  Supply  -  It  is  recommended  the  RF  power  supply  be 
replaced  with  either  batteries  or  a  vibrator  and  single  battery  far  use  in 
subsequent  models.  The  latter  can  result  in  a  saving  of  space  and  weight 
only  in  the  event  it  is  designed  to  provide  B  supply  to  meet  all  requirements 
of  the  circuit.  This  includes  both  the  (II  tubes  and  the  electronic  circuit. 


This  is  quite  feasible  as  noted  in  the  Hodel  PER-11. 

(b)  Where  relatively  low-voltage  GU  tubes,  600  volte  or  lees,  are 
used,  it  can  be  dmnonstrated  that  a  power  supply  consisting  of  all  batteries 
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PART  n  Sootioo  6  Continued: 

throughout  occupies  no  noro  iptot,  and  the  weight  will  not  greatly  exceed, 
the  vibrator  or  RF  Oscillator  type. 

(e)  It  is  also  raocDDondad  that  the  various  battery  aanufaeturer- 
ing  firms  be  extended  sane  indue  sms  nt  to  undertake  the  design  of  batteries 
solely  for  use  In  CM  tube  circuits.  It  Is  not  unreasonable  to  as  suae  that 
the  siae  of  an  Individual  cell  can  be  reduced  to  the  approximate  also  of  a 
shirt  button  thus  nalrlng  possible  the  construction  of  a  200  volt  battery, 
for  Instance,  approximately  one  third  the  present  size.  Noted  also  is  tbs 
fact  that  the  miniature  and  sufcnlnlature  field  Is  but  In  its  infancy  and 
with  the  advent  of  printed  circuits  there  will  be  an  ever  Increasing  demand 
far  esmllar  batteries. 


PART  XU  -  Mod* 


1.  (a)  The  cue,  probe,  OM  tubas,  VR  tubs,  Indies  ter  sod  general 
physical  fssturse  of  the  PDR»8  are  all  subject  to  the  sans  remarks  as  given 
In  Part  I  and  n  for  the  PDR-1. 

2.  Multivibrator  and  Metering  Circuit. 

(a)  The  first  stage  of  the  electronic  circuit  of  this  aster 
consists  of  a  multivibrator  which  can  be  said  to  be  a  circuit  for  converting 
random  pulses  into  pulses  of  uniform  width  and  amplitude.  The  second  and 
output  stage  of  the  circuit  consists  of  a  frequency  metering  circuit  wherein 
the  average  of  the  number  of  pulses  received  is  indicated  on  a  d.c.  type 
aster.  The  meter  has  a  relatively  high  capacitance  shunted  across  its 
terminals  in  order  to  daap  the  aoveoent  of  the  meter  sensitive  e lament.  The 


terminals  in  order  to  d«">p  the  aoveoent  of  the  meter  sensitive  element.  The 
latter  action  is  a  function  of  the  tiae  constant  or  the  product  of  RC  in 
the  circuit  which  in  this  case  is  2  seconds. 

(b)  The  type  3A5  dual  triode  tube  appears  to  be  satisfactory  for 
this  application  although  the  filament  current  required,  as  indicated  in 
Section  3(d),  automatically  limits  the  life  of  the  filament  battery  to  a 
relatively  short  period  as  compared  to  the  life  of  the  "B"  battery  In  tha 
circuit.  The  pentode  section  of  the  type  1S5  tube  operates  in  a  satisfactory 
manner  as  the  frequency  meter  tube  and  to  drive  the  headphones. 

(c)  Considerable  difficulty  has  been  experienced  in  maintaining 

i 

the  circuit  in  operating  condition  due  to  numerous  minor  defects.  Frequent 
failures  have  occured  with  the  result  that  calibration  and  field  test  have 
been  limited  in  scope.  After  the  minor  defects  were  remedied,  the  sensitivity 
was  still  poor.  This  was  due  in  considerable  part  to  the  fact  that  both  the 
plate  and  screen  supply  were  varied  to  effect  sensitivity  control.  It  is 
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See 


considered  that  this  ni  the  result  of  an  error  In  wiring,  consequently  a 
ohanga  was  affected  aa  Indicated  In  Section  2  of  Part  IV. 

(d)  All  component*  are  satisfactory  for  thla  application.  The 
value  of  Hll  was  changed  fzm  15  Magnhae  to  2  Megohms  to  improve  the 
indication  of  the  sensitivity  adjustment  aa  detailed  in  Section  2,  Part  IV* 

It  la  also  noted  that  the  coupling  of  the  headphones  to  the  screen  grid  of 
the  type  1S5  tube  through  C5  results  in  adequate  volume  on  all  ranges  and 
represents  considerable  improvement  over  that  of  the  PUU1. 

3*  Power  Supply. 

(a)  Vibrator-batteries  aa  power  supply  for  this  application  is 
satisfactory  subject  to  the  remarks  on  same  in  Part  II.  No  trouble  has  been 
experienced  with  the  vibrator  proper  nor  the  outjut  of  same.  It  1s  noted 
tint  with  Inadequate  shielding  the  audible  component  of  the  vibrator  contactor 
ean  be  detected  in  the  headphones. 

(b)  Filter  network  satisfactory. 
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PART  IV  -  Uodel  PDR-R(l)  Suggestions  and  Recaomandatlons  for  improvement  of. 

1,  (a)  A a  noted  in  the  index* 

2.  Electronic  Circuit. 

(a)  As  indicated  in  Part  I  Section  4,  an  BC  or  impedance  coupled 
amplifier  is  to  be  preferred  in  this  application  In  view  of  the  characteristics 
of  the  0a  tubes  which  it  is  proposed  to  use  in  both  the  PER-1  and  PDR-8.  In 
spite  of  the  numerous  defects  referenced  previously,  the  circuit  uaed  in  the 
latter  promises  to  give  much  more  trouble  free  service  in  the  long  run  than  the 
former. 

(b)  The  defective  control  of  sensitivity  was  remedied  by  changing 
the  circuit  in  a  manner  to  vary  only  the  ecrean  grid  voltage  of  the  matering 
tube*  At  the  aame  time  the  "B"  battery  voltage  cheek  provision  was  changed 
to  include  only  that  voltage  which  appears  on  the  screen  grid  thus  providing 
an  improved  means  of  establishing  a  reference  point  for  the  proper  adjustment 
of  the  sensitivity  control*  This  control  was  thought  to  be  further  improved 
by  substitution  of  the  2  megohm  resistor  for  the  15  megohm  in  the  meter 
circuit  for  measuring  the  screen  voltage.  This  results  in  approximately  full 
scale  deflection  for  the  proper  adjustment  of  the  screen  voltage  and  can  be 
used  also  as  a  cheek  of  the  ”6"  voltage  proper. 

(e)  The  improvement  noted  in  (b)  increased  the  sensitivity;  however, 
on  the  low  scales  there  was  still  more  required.  Further  tests  indicated  that 
the  grid  bias  on  7102  and  V1Q3  was  excessive.  A  value  of  10$  volte  was 
determined  to  be  the  most  satisfactory,  in  lieu  of  the  original  value  of  15  v. 

(d)  In  view  of  the  versatility  of  this  type  of  circuit  as  well  as 
the  economy  of  construction  and  maintenance,  it  is  recoemended  that  additional 
developement  work  be  conducted  on  this  or  a  similar  circuit  with  a  view  to 
effecting  additional  laprovamenta  for  a  model  which  can  be  produced  In  quantity. 
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PASS  17  Section  2  Continued: 

11m  miltivlbratar  tube,  t7P«  3A5  with  its  high  fill— rt  ounent  require— it 
Should  b«  replaced.  It  is  further  emphasised  that  with  the  relatively  high 
value  of  voltage  poise  available  from  the  halogen  type  ga  tubes,  there  is 
every  indication  that  a  single  tube  meter  or  a  dual  purpose  tube  can  be  used 
with  satisfactory  results. 

3.  VB  Tube. 

(a)  Additional  experiments  with  the  VR  tube  in  the  circuits  of 
both  the  PDR-l  and  the  PER-8  find  with  same  removed,  indicates  that  these 
tubes  are  undoubtedly  causing  some  of  the  trouble  experienced  in  the 
calibration  of  the  meters.  Reference  to  Charts  20  to  24  inclusive  demonstrates 
the  apparent  results  most  graphically.  Cb  the  0-10  scale  curve  of  Chart  24 

it  may  be  noted  that  the  indicated  reading  still  does  not  meet  the  linearity 
requirement;  however,  the  trouble  was  apparently  in  the  low  sensitivity  tube 
itself  as  it  has  failed  altogether,  subsequent  to  the  last  calibration. 

(b)  In  at  least  one  instance  it  was  found  necessary  to  change  the 
voltage  control  value  of  one  of  the  corona  discharge  type  of  VR  tubes  in  order 
to  bring  same  into  coincidence  with  the  plateaus  of  both  the  high  and  the  low 
sensitivity  CM  tubes  in  the  circuit.  This  was  done  as  indicated  in  Fig.  3 
through  the  use  of  a  shunt  resistanoe  net  across  the  VR  tube  proper.  A  decrease 
of  approximately  50  volts  was  required.  It  was  found  that  the  circuit  used 
gave  excellent  results.  Further  tests  indicate  that  a  decrease  of  a  hundred 

or  more  volts  Is  possible  with  no  apparent  effect  on  the  control  characteristic 
of  the  VR  tube  at  the  revised  control  value. 

(o)  Components  used  in  power  supply  are  satisfactory  sxospt  for  the 
VR  tube  which  has  been  discussed  in  Part  II.  Additional  information  on  the 
VR  tubes  will  be  outlined  In  Part  IV  Section  3. 


PART  IV  Section  3  Continued: 

(d)  Batteries  -  "B"  batteries  consisting  of  two  Eveready 
67$  volts,  in  series  considered  satisfactory  in  view  of  the  relatively  UgH 
current  drain  of  approximately  4  UA.  The  "A"  batteries,  with  a  drain  in 
excess  of  270  UA  even  when  connected  in  parallel  will  seriously  limit  the 
period  of  time  the  meter  can  be  in  operation  without  having  to  replace  same. 

If  a  minimum  of  1,2  volts  is  set  as  the  low  voltage  limit,  the  life  of  the 
"A"  battery  will  hardly  exceed  16  hours  of  intermittent  duty.  The  "C"  battery 
voltage  was  found  to  be  excessive  for  this  application  with  a  resultant 
decrease  in  sensitivity  that  required  adjustment  by  changir^  the  battery  proper. 

4.  Calibration  -  In  view  of  the  difficulties  involved  in  correction  of 
the  circuit  proper,  calibration  of  this  meter  has  been  spotty  and  generally 
unsatisfactory.  Two  curves  have  been  drawn,  however,  which  will  indicate  to 
a  limited  extent  the  improvement  effected  in  the  sensitivity  ani  linearity 
as  indicated  on  Charts  23  and  24.  The  first  was  made  after  the  corrective 
measures  were  applied,  the  second  was  made  after  the  removal  of  the  VR  tube. 


The  improvement  is  evident  in  the  case  of  the  second  particularly}  however, 
the  final  Improvement  will  require  an  Improved  loir  sensitivity  Of  tube  since 
this  is  apparently  the  weakest  spot  in  the  circuit. 


General  Remarks  -  The  compactness  and  relatively  light  weight  of  the 
PDR-11  make  for  an  Ideal  type  of  field  survey  meter.  The  extended  probe  with 
a  remote  Indicator  built  in  is  also  a  desirable  feature  although  there  seems 
to  be  considerable  question  as  to  the  reason  for  the  odd  shaped  probe  head. 

The  latter  is  due  to  the  necessity  for  the  light  concentrating  system.  The 
relative  merits  of  the  light  collecting  system  will  not  be  discussed  herein; 
however*  suffice  it  to  say  that  any  such  system  is  subject  to  a  relatively 
large  loss  of  light  by  virtue  of  the  distance  from  the  source  of  the  light 
proper  and  the  final  collecting  plate  or  cathode  of  the  photemu It iplier  tubes. 

In  general*  the  engineering  of  the  PDR-U  is  considered  fair  to  good. 

The  desire  to  make  the  whole  a  very  compact  unit  results  In  sacrifice  of 
accessibility  of  components;  however*  it  is  thought  that  testing  and  replace* 
ment  of  parts  could  be  effected  without  too  much  loss  of  time.  The  present 
model  leaves  much  to  be  desired  in  the  way  of  ruggedness  and  durability  but 
it  is  thought  that  the  production  model  would  Include  proper  corrective 
measures. 

The  principle  of  detecting  alpha  particles  by  a  photomultiplier  tube 
has  been  demonstrated  successfully  by  a  number  of  authorities  on  the  subject. 
The  detection  of  a  relatively  small  number  of  alpha  particles  by  this  means 
has  not  been  demonstrated  in  a  practical  sense.  That  the  latter  statement  la 
true  la  demonstrated  In  the  poor  sensitivity  characteristic  of  the  PDR-11.  It 
can  be  demonstrated  that  this  meter  is  not  capable  of  detecting  lees  than  one 
to  several  hundred  thousand  die  integrations  per  minute  as  compared  to  the 
Model  DW*/PD  which  will  detect  and  Indicate  with  a  fair  degree  of  accuracy  a 
few  hundred  dislntergrations  per  minute. 
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PART  V  and  VI  Continued: 

In  his  paper  on  the  subject  of  a  scintillation  counter  for  the  detection 
of  alpha  particles,  Sherr  states  that  calibration  of  his  instrument,  which 
formed  the  basis  for  the  Uodel  PDR-I1,  showed  that  1  ua  of  current  was 
equivalent  to  300  alpha  particle  pulses  per  second.  Under  the  same  conditions 
the  dark  current  was  0.5  ua  so  that  150  alpha  pulses  per  second  result  in  a 
current  equal  to  background.  Using  the  latter  figure  as  a  minimum,  the  pulses 
which  can  be  counted  per  minute  amount  to  9000.  This  figure  does  net  take 
into  account  the  relatively  poor  efficiency  of  the  light  system  nor  the  poor 
sensitivity  of  the  amplifier  circuit  of  the  PDft-11.  Disregarding  all  other 
factors  and  accepting  the  9000  counts  per  minute  still  leaves  the  instrument 
less  sensitive  than  the  top  of  the  most  sensitive  range  of  the  IU-4/PD. 

The  difficulty  in  using  the  photomultiplier  tube  as  an  alpha  detector 
is  due  to  a  basic  weakness  of  the  tube  itself.  That  is  the  presence  of  the 
dark  current  or  the  emission  of  photons  in  the  absence  of  any  light  on  the 
cathode  and  dynode  surfaces.  While  the  dark  current  is  given  as  on'y  a  very 
small  fraction  of  the  current  oecassioned  by  incident  light  on  the  cathode, 
it  assumes  considerable  proportions  with  the  amplification  necessary  to  raise 
the  incident  photoelectrons  to  a  workable  level.  The  net  result  is  that  the 
most  energetic  alpha  particles  and  those  appearing  In  relatively  heavy 
concentrations  can  be  detected  by  this  means.  Through  the  use  of  a  cooling 
agent  such  as  Hgnid  nitrogen  and  an  elaborate  electronic  system  it  is  possible 
to  detect  the  heavier  less  energetic  particles;  however,  such  a  method  could 
hardly  be  considered  practical  far  a  portable  survey  meter  such  as  is  desired 
here. 

To  date  no  alpha  particles  have  been  detected  by  either  of  the  two 
units  shipped  for  the  current  project.  It  is  noted  ttv.-  the  screens  cn  both 
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PAST  V  and  VI  Continued: 

have  developed  light  leaks.  In  both  eases  the  screen  seems  to  have 
deteriorated  due  to  the  effect  of  moisture  or  age.  A  naptha lene  screen  was 
prepared  for  one  of  the  units  using  100£  pure  naptha lene  with  no  Improvement 
noted.  The  circuit  of  the  amplifier  was  thoroughly  checked  with  no  trouble 
indicated  unless  the  threshold  voltage  was  increased  excessively  In  which 
ease  oscillations  occurred.  Under  normal  operating  conditions  the  only 
indications  appearing  on  the  grid  and  plate  of  the  input  tube  were  the 
voltage  pulses  which  were  apparently  due  to  the  dark  current.  These  appeared 
in  the  farm  of  "hash"  on  the  screen  of  an  oscilloscope  and  would  not  appear 
with  the  excitation  voltage  removed  from  the  photomultiplier  tubes.  On  the 
two  referenced  units  it  is  also  noted  that  the  indicator  meter  was  still  in 
the  plate  circuit  of  the  preamplifier  stage.  This  was  admittedly  a  ■iwtaif* 
if  far  no  other  reason  than  that  of  having  to  read  the  meter  in  reverse, 
that  is,  sero  set  was  effected  at  full  scale  deflection. 

In  view  of  the  preceding  and  equally  as  important,  the  relative  minor 
role  of  alpha  particle  detection  in  initial  field  survey  work,  it  is  r  sc  amended 
that  production  of  the  PDR-U  be  suspended  pending  further  developments  and 
improvements  of  the  photomultiplier  tubes. 
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Chart  1  to  15 

Plateau  Curvee  for  (21  Tubes 

Chart  36 

(21  and  VR  Tube  History 

Chart  17 

(21  Tube  Current  and  Voltage  Characteristics 

Chart  18 

Battery  Coop  Lament  for  PQfUl 

Chart  19  to  22 

Calibration  Curves  far  USUI 

Chart  23  to  24 

Calibration  Curves  for  PDR-8 

Figure  1 

Basic  Circuit  of  PER-1 

Figure  2 

Circuit  Schematic  of  PDR-8 

Figure  3 

Circuit  for  Lowering  VR  Tube  Rating 

Figure  4  to  8 

Suggested  Design  far  HiWl  and  PDW  Case 
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Chart  1 
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Chart  15 


CHAW  -MO.  36 


(K  wad  VH  tub*  history  and  placement  dot* 


FDft-1 

VR  tub* 

Sax 

6C 

BS 

Bmssrlfs 

Ser.  No. 

No. 

No. 

No. 

8 

20 

640 

6 

26 

44 

16 

640 

32 

*31 

collapsed. 

23 

22 

650 

13 

23 

16 

9 

640 

*10 

30 

*Bjd  life  reached  In  service. 

30 

7 

640 

9 

36 

47 

26 

640 

11 

29 

48 

18 

660 

*•  % 

8 

25 

38 

*13 

640 

15 

28 

•Cracked  envelope  NO. 

36 

21 

650 

7. 

22 

34 

24 

640 

*1 

34 

•Cracked  envelope  near  cathode  coal. 

18 

23 

640 

5 

24 

12 

32 

640 

14 

*37 

•Broken  in  installation  at  anode 

connection  seal. 

3 

25 

620 

2 

35 

11 

15 

640 

3 

32 

25 

none 

450 

10-57 

4-11 

Spare 

+  14 

none 

•4 

•33 

♦Broken  during  handling. 

*No  control  on  receipt. 

PDR-8 

460 

450 

5-15 

*4-11 

•Failed  In  service. 

Note:  O!  tubes  have  been  removed  from  their  respective  meters  for  further 
I  and  E  tests  and  for  additional  plateau  studies  except  in  the  case 
of  P DR-1,  Ser.  No.  30  and  PDR-8  both  of  which  are  in  operating 
condition  and  to  be  used  in  future  field  surveys. 
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Battery  complement  for  Modal  PD&-1 


TIPS 

S  Rating 

Z  Drain 

Use  in  Circuit 

KV.  #467  (2) 

67.5  r. 

6  MA 

THo  In  series  for  ose.  plate 
supply  in  HP  power  supply. 

Burg. #4?  (1) 

1.5  ▼. 

150  MA 

All  filaments 

EV.  #412  (1) 

22.5  r. 

0.2  MA 

Plate  supply  for  (2)  type 
CK570AX  tr lodes  in  electrometer 
circuit* 

Burg.  #2  (2) 

1.5  ▼. 

Negligible 

Bias  supply  to  electrometer 
tubes. 

Note  1-  Haight  of  existing  battarlas  e cabined  equals  3  pounds,  1 
2  ounces. 

Weight  of  batteries  required  to  supply  all  poser  direct 
Is  equal  to  2.5  pounds  *  2  ounces.  The  space  require 
cent  will  be  approximately  the  same  for  both. 

The  latter  provision  for  supplying  power  contemplates 
the  use  of  EV.  #493*  300  ▼.  batteries  for  the  GU  tubes) 

(1)  EV.  #112,  22.5  ▼.  battery  for  electrometer  tube  B+) 

(2)  llallory  Bias  cells,  and  (2)  Mallory  type  RMB  neroury 
cells  In  parallel  for  filament  supply  to  electrometer 
tubes.  It  Is  noted  that  In  the  existing  circuit  the  BF 
Ose.  power  supply  tube  requires  approxlaately  4/5  of  the 
current  used  In  the  filament  circuit. 
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Chart  23 


MODEL  AN/PDR-I  (XN-I) 


FIG  I 

MODEL  FOR -I  BASIC  CIRCUIT  SHOWING  A  BALANCED 
TYPE  OF  DIRECT  CURRENT  AMPLIFIER 


MODEL  AN/PDR-  8  (X) 


6  A  6  °  - 135  V  ~ 

41.5V  4  135V  -10  5V  4  10.5V 

FIG  2  MODEL  PDR-8  CIRCUIT  SCHEMATIC  SHOWING  MULTIVIBRATOR,  FREQUENCY  METER  AND  VIBRATOR  POWER  SUPPLY 

CIRCUITS  COMPLETE. 
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UNCLASSIFIED 


CORONA  DISCHARGE  TYPE  VR  TUBE 


+ 1450  TO 


FIG  3 

SUGGESTED  CIRCUIT  FOR  LOWERING  THE 
CONTROL  VOLTAGE  POINT  OF  A  CORONA 
DISCHARGE  TYPE  VR  TUBE 
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MODEL  AN/PDR-II 


BASIC  CIRCUIT  OF  PDR-II  ALPHA  SURVEY 
METER. 


PROPOSED  NEW  CARRYING  HANDLE  ARRG'T.  PROVIDES 
ADEQUATE  PURCHASE  AND  PLACES  RANGE  SELECTOR 
SWITCH  KNOB  OVER  HANDLE  WHERE  IT  CAN  BE  OPERATED 
♦BY  THE  THUMB;  MOREOVER  WHERE  THE  OPERATION  OF 
SAME  WILL  NOT  INTERFERE  WITH  ZERO  ADJUST  CONTROL 
KNOB.  VARIOUS  METHODS  OF  CONSTRUCTION  OF  THE  FW*D 
PEDESTAL  ARE  POSSIBLE  HOWEVER  THE  ONE  SHOWN 
PERMITS  READY  REMOVAL  OF  HANDLE  IN  CASE  IT 
BECOMES  CONTAMINATED.  METAL  HANDLE  AND  CONTROL 
KNOB  RECOMMENDED  WITH  SMOOTH  FINISH  ON  BOTH. 
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REDUCE  LENGTH  OF  SPACERS  TO  PERMIT 
HORIZONTAL  MOUNTING  OF  T  B  ALSO  MAKES 
TUBES  VERTICAL  WHEN  IN  NORMAL  USE. 
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HOLE  FOR  GM  TUBE 
TYPE  BS 

ELECTROMETER  CHASSIS 
SCALE  *  I*  I 
FIG  8 

BOTTOM  VIEW  OF  CHASSIS  SHOWING 
RELOCATION  OF  TERMINAL  BOARD  WITH  EXISTING 
COMPONENTS,  AND  FWD  VIEW  OF  CARRYING 
HANDLE  MOUNT  AS  REVISED. 


